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HIL-STD-2052A (SH)

FOREWORD

DEPARTHENT OF THE NAVY
NAVAL SEA SYSTEMS COMMAND
ARL INGTON, VA 22242-5160

{. This Depertment of Defense design criteria standard is approved for use by the MNaval Sea
Systems Command, Department of the Navy, and is available for use by all Departments and Agencies of
the Department of Dafonsa.

2. Beneficial comments (racommendations, sdditions, deloticns) and any pertinent date which may
be of use In Improving this document should be addressed to: - Commender, Naval Sea Systems Coumand,

SEA 83J2, 2531 JsTferson Davis Hwy., Ariington, VA 22242-5168 by using the Standardlzatlion Document

Improvement Proposal (DD Form 1426) appearing at the end of this document or by latter.

3. This design criteris stendard provides detailed information, guidelines, procedures and
requirements for selecting and using fiber optic components to transmit fiber optic signals in Navy
systems. This stendard practice identifies the considerations used in the salection of the specific
Mavy fiber optic components and the performance of these components in the surface ship and submarine
environments. In addition, this standard practice provides detailed explanations of the fiber optic
system design procedures.
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HIL-STD-2052A(SH)

1. SCQPE

i.i Scope. This design criteria standard provides design requirdménts for digitai Tiber
optic systems having data transmission rates not groater then 566G megabits par second (Hbps) Enstalied
aboard Navy surface ships and submarines. The proper application of componant specifications and
other flber optic steandards is eddressed herein, eas are detelled methods for calculating system design
paramoters, with exemples. This standard practice concentratas on the deslgn of a simple digitel
fiber optic tink., It does not address genaral system design Issugs such as the terainal equipment
design (except for cable entrance and routing constraints), the system topolegy and the physical
dasign of the fiber optic cable plant. ([t is assumed that these decisions have been made and the
information ia usaed as Input to the link design process. Furthermora, thia document does not address
the design of enalog links, finks using step index fiber and compiex flber optic tinks contalning
nonlinear fiber optic compononts such as fiber emplifiers.

1.2 Appljembi)ity. The design requirements in this document epply to equipment and systems
on specific ahips when invoked by the governing ship specification, systes specification, or other
contractual document. They are intended for new systems using fiber optics or the conversion or
alteration of existing systems to use fiber optics. Where there is a conflict batween this document
and the ship specification or contract, the ship specification or contract shall take pracedence.
Where ship dasign or systom performance requirements are such that the metheds herein cannot be
ioplemented, users shail submit new methods to Commander, Naval Sea Systems Command, 2531 Jefferson ..
Davig Hwy., Arlington, VA 22242.5160 Attn: SEA 83J2 for approval.

1.3 gGenoral. This design criteris standard describes the methodology that is required for
designing digital fiber optic trensmission links with capacities up to epproximatealy 588 Megabaud
{Hbaud) which use either single mode or graded index multimode optical fiber and either a [ight
emitting diode (LED) or leser source. This documesnt concentrates cn transmission wavelengths in the
first and second transmisaion windows {8580 and 1300 nhanometers (nm)). The information may be
applicable for Iinks operating between 780 and 1688 nm. However, component specifications are
normet iy provided in the 858 end 1308 nm windows only. The types of transmitters, fiber, end
receivers available for use in links are addressed as well as the performaence characteristics of
passive components within the link. In many cases, the link design will be an iterative process in
which trade-offs betwaen system components are aevaluated. For e¢ach link being designed, a unique
design solution may not exist. Several sclutions may be technically vieble. The link designers must
choose the solution that I|s best suited to the particular application.
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2. APPLICABLE DOCUMENTS

2.1 Gonsral. The documents listed in this section are specified in sections 3, 4 and 5 of
this stendard. This section does not Include documents cited in other sections of this stendards or
recommendad for additional information or as exaamplea., While every effort has been made to ensure the
cooplietenass of. this list, document users are ceutioned that they must meet all specified requirements
documents cited In sactions 3, 4 and 5 of this standard, whother or not they are listed.

2.2 Government dogyments.
2.2.1 Specitieations, stendards snd handbooks. The following specifications, standards end

handbooks form o part of this document to the extent specified herein. Unless otherwise specified,
the issues of these documents ere those listed in the {asue of the Department of Dafense Index of
Specifications and Stendards (DODISS) end supplement thereto, cited in the salicitation (ses 6.2).

HiL-S-24725/1
MIL-5-24725/2

MIL-1-24728
MIL-C-28876
MIL-F-49291
HIL-F-408291/6
MIL-F-49201/7
MiL-C-83522
HIL-C-83522/16
MiL-C-B3522/17
HIL-C-83522/18
HIL-C-B85845
MIL-C-85045/13

MIL-C-B5045/14
HIL-C-85045/15
HIL-C-85845/18
HIL-C-85645/17

HiL-C-85045/18

SPECIFICATICONS
HILITARY
MIL-5-24622 Splice, Fiber Optic Cable, General Specification For,
MIL-5-24623/4 Splice, Fiber Optic, Housing, Rotery Mechanical, Fiber.
HIL-5-24725

Switches, Fiber Optic, Shipboard, (Metric), General
Specificatlon For.

Switch, Fiber Optic, Hard Mounted, Electrical
Nonlatching: Bypass, Muitimode Cable, Stend-Alone
(Metric).

Switch, Fibar Optic, Non-hard Mounted, Electrical
Nonlatching: Bypass, Multimode Cable, Stand-Alone
{Hetric).

Interconnection Box, Fiber Optic, Metric, Genaral
Specification For.

Connectors, Fiber Optic, Circular, Plug and Receptacle
Style, Hultiple Removeble Termini, General
Specification For.

Fiber Optical, (Metric), General Specification For.
Fiber, Optical, Type |, Cless |, Size IV, Composition
A, Wavelength B, Radiation Hardened. (Hetric).

Fiber, Optical, Type I1, Class 5, Size !1, Composition

‘A, Wavalength B, Rediation Hardened (Metrlic).

Connectors, Fiber Optic,. Single Terminus, General
Spaecification For,

Connactor, Fiber Optic, Singlo Terminus, Plug, Adaptar
Style, 2.5 Millimeters Bayonet Coupling. Epoxy.
Conneactor, Fiber Optic, Singlie Terainus, Adapter, 2.5
Hillimeter Bayonet Coupling, Bulkhead Panal Hount.
Connector Fiber Optlc, Single Terminus, Adapter, 2.5
Millimoeter- Bayonet Coupling PC Hount.

Cables, Fiber Optics, {Metric). General Speclficatlon
For. .

Cably, Fiber Optic, Elght Fibers, Cable Contiguration
Type 2 (OFCC), Appllcation B (Shipboard)}, Cable Classg
SH and MM, (Metric). '
Ceble, Fiber Optic, One Fiber, Cable Configuration Type
1 (Buffered Fiber), Loose Tube, Cable Class SH end HH,
(Hetric).

Ceble, Fiber Optic, Four Fibers, Cable Conflguratian
Type 2 (OFCC), Applicstion B (Shipboard), Cable Class
SH and MM, (Metric).

Cable, Fiber Optic, One Fiber, Cabie Configuration Type
1 (Bufferod Fiber), Tight Buffered, Cabie Class SH and
HH, (Hetric).

Cable, Fiber Optic, Eight Fibers, Enhanced Performance,
Cable Configuration Type 2 (OFCC), Application B
(Shipboard), Cable Class SH end HM, (Metric).

Cabie, Fiber Optic, Four Fibers, Enhanced Performance,
Cable Conflguration Type 2 (OFCC), Application B
(shipboard), Cable Cinss SH and HH, (Hetric).
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HILITARY - (Continued)

STANDARDS
FEDERAL

RIL-C.85045719

MIL-C-85045/2@

FED-8TD-1837

HIL-STD-2652A (SH)

Cable, Fiber Optic, Twenty-Four to Thirty-Six Fibers,
Cable Configuration Type 2 (OFCC), Application B
(Shipboard), Ceble Class SH and HH, (Hetric).

Cable, Fiber Optic, Twenty-Four to Thirty-Six Fibers,
Enhanced Performance, €eble Configuration Type 2-
(OFCC), Appiication B (Shipboerd}, Cable Clagss SM and
KM, (Matric).

Tolecomaunication: Glossary of Telecommmication
Terms.

(Unless otharwise indicated, copies of federal snd military spacifications, standards, and

2.3 Non-Goverpment publications,
oxtent specifiad herain.

handbooks are available from the Standardization Documents Order Desk, 760 Robbins Ave, Building 40,
Philadelphia, PA 19111-5094.)

The following documants form m part of this document to the

Uniess otherwise specified, the issues of the documents which are DQD
edopted are those llisted 'in tha issue of the DODISS cited in the solicitation. Unless otherwige
specified, the isasuaes of the documents not ilisted in the DODISS are the issues of the documents cited
in the solicitation (sea 6.2).

ELECTRONIC INDUSTRIES ASSOCIATION/TELECOMMUNICATIONS INDUSTRIES ASSOCIATION (EIA/TIA)

EIA{TIA-62-3

EIA/TIA-440-A
E1A/TIA-455-30

EIA/TIA-455.34
EIA/TIA-455-46

EVAITIA-455.50
EJA/TIA-455-561
EIA/TIA-455-54
EfA/TIA-455-126
EIA/TIA-455-127
EIA/TIA-455-168
EIA/TIA-455-177
EIA/TIA-455-188

EIA/TIA-526-4
EIA/TIA-526-10

EIA/TIA-5268-11
ESA/TIA-526-14
EIAITIA-SZG-ié

ELAITiA-§26-17
EIA/TIA-526-18

Hode Powar Qlistribution and Hode Transfer Function
Heasurement

Fiber Optic Terminology.

Frequancy Domain Measurement of Multimode Optical Fibar
Iinformation Transmission Cepacity.

Interconnaction Device Insertien Loas Test.

Spectra! Attenuation Measurement for Long-Length,
Graded- index Optical Fibers.

Light Leunch Conditicns for Long-Length Graded.index~
Optical Fiber Spectral Attenuation Measurements.

Pulse Diastortion Measurement of Multimode Glass Optical
Fiber Information Transmission Cepacity.

Rode Scrambler Requirements for Overfilied Launching
Conditions to Multimode Fibers.

Spectral Characterization of LEDs.

Spectral Characterization of Multimode Laser Diodes.
Chromatic Disperslon Weasurement of Multimode Graded-
lndex and Single- Hode Optlcel Flbors by Spectral Group
Dolay Heasurament in the Tima Domain.

Numarical Aperture Haasurament of Graded-index Optical
Fibers.

Measurement of the Optical Transfer Coefficients of e
Pasalve Branching Device (Couplar).

Optical Eye Pattorn Messurement Procedure.

Moasuremont of Disparsion Power Penalty in Digital
Singie-Hode Systoms.

Messurement of Bingle-Reflection Power Penalty for
Fiber Optic Terminal Equipment.

Optical Power Loas Measurements of Inste!led Hultimode
Fiber Cable Piant.

Jitter Transfer Function Measurement.

GQutput Jittar Haasurament.

Systematic Jittor Generstion Heasureaent.

(Application for copies should be addressed to the EIAITIA Engineering Department, 2001

Pennayivanie Avenus, Washington, OC 208868.)

(Non-Government stendards end other publications are normally available from the organizations
These documents also may be available in or through

that prepara or distribute the decuments.
libraries or pthor informational gervices.)
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2.4 Order of precedence. In the event of conflict between the text of this docunent and
the reference cited herein, the text of this docunent takes precedence. Nothing in this
docunent, however, shall supersede applicable | aws and regul ati ons unless a specific
exenpti on has been obtai ned.
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3. DEFINITIORS

3.1 General fijber ca terms, Dafinitions for the fibar optic terms used in this stendard
are in mccordance with EVA-440-A Flbar Optic Terminclogy. Definitions for genersl telecommunications
terms used in thils standard are In accordance with FED.STD-1037 Glossary of Telecomaunications Terms.
Dafinitions for other terms as thoy Are usad in this standard ere given in the following peregraphs.

3.14.1 Cabje translent joss. The difference betweon the totail cable attsnuation for an
agvertllled launch and the total cable sttenuvation for a restrlctad launch along the length of the
cable

3.1.2 Eajlure rate. The expected number of failures of & component or link In a givan timo
period. The failure rate is represented by A.

3.1.3 Fiber/cable axjt hendwidth. The value numerically equal to the lowast frequency at
which the magnitude of the modufetion transfer function of the combination of the optlcal source and
optical fiber decreases to ong-half of the zero fregquency value.

3.1.4 Elber optic cable plent (FOCP}. Tha fiber optic cable plant is the portion of the
fiber optic topology made up of the trunk cables and interconnection boxes.

3.1.5 Flber optic cabls topoleav. The fiber optic cable topology consists of fiber optic
intarconnection haxas, outiets, trunk and local cables and the connectors and gplices used to
intarconnect the trunk end local cables.

3.4.6 Eiber optic logamt cable. A fiber optic local cablie provides a continuous optical path
botwaen en interconnection box and sh end user equiplent or an outlet, or between an interconnection
box or an outlet end an end user equipment, and Is typically not run through the main cableways.

3.1.7 Flber optlc trunk csbla. A fiber optic trunk cable provides a continuous optical path
between two fiber optic Interconnection boxes in the FOCP. Typically, trunk cables are run in the
main cableways and have higher fiber counts per cable than local cables.

3.1.8 Outlet. An outlet is & fiber optic interconnoction box used to split out a local cable
to several local cables within e compartment or area.

3.2 Actonyms. The following acronyms are used in this standard:

a, AHI " Alternate Hark Inverted

b. APC Automatic Power Control

c. APD Avalanche Photodioda

d. BER 8it Ercar Reta

e. BW Bandwidth

f. CPR Coupled Power Ratio

g. dB decibals

h. dBm decibels referenced to one milijwatt
i. DIP Dual Inline Package

i. DODISS Depertment of Defense [ndex of Speclflcations end Standards
k. ECL Ealtter Coupled Logic

i. ElA Electronics industries Aassociation
m. ELED Edge Emitting Light Emitting Diode .
n. FBT Fused Biconical Taper

o, Fopl Fiber Distributed Data Interface

p. FET Field Effect Transistor

q. FOCP Fiber Optic Cable Plant

r. FWHM Full Width Half NHaximum

8. LAN Local Ares Network

t. LED Light Emsitting Dlode

u. HPN Mode Partition Noise

v. HPD Hode Power Distribution

w. MTBF Maan Time Before Fallure

x. NA Nuperical Aperture

y. NRZ Non-Return to Zero

z. OD Outsaide Diameter

aa. OFCC Optical Fiber Cable Component

ab., OFL Overfilled Launch

ac. OTDR Optical Time Domaln Reflectometer
ad. PC Physical Contact v

aa. PIN Positive Intrinsic Negative

af. PINFET Positive Intrinsic Negative Field Effact Transistor

5
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ag. RMS
ah. RZ

al., RZ-POM
ej. RZ-PPH
ak. SAFENET
al. SIF
am. SLD
an. SLED
ao, SNR
ap. SR

aq. -TE

ar. TiA
as, TO

at. TTL
au. WOH

3.3 Dasign equation variebles.

a. t,

b. BW, .0y
c. BW, g
d. BW,.
.. L
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The following variables are usad in this standard:

trensmitter rise time

trangaitter -3 dB bandwidth

estimated cable modal bandwidth

normalized fibaer modal bandwidth (-6 dB, measured by the fiber
manufacturer)

installed fiber length

fibor length scalling factor

the rise timo essociated with the first order fibar chromatic
dispersion lnpulse rasponse

transaitter RHS epectrail width

fiber dispersion et the transmitter center wavelength

rise time assocliated with the second order fiber chromatic
dispersion inpulese response

fiber dispersion slope at the trensmitter center wavalength
fiber zero diapersion wavatength

transoitter center wavelength

fiber dispersion slope at the fiber zerc dispersion wavelength
the FWHHM center wavelength of the source

the FWHMY spectral width of the source

receivar rise time

receiver -3 dB bandwidth

toetal optical link rise time

totai opticail i{ink -3 d5 bandwidth

bit rete to baud conversion factor

fiber/cable ax{t bandwidth

calculated component loss value

component CFL loss value

coaponent RES leoss value

coupled power ratio

restricted launch power

overfiil launch power

source/fiber -modo power dlstributlon conatant

translent cable loss

sean transoitter output power

standard deviation of the trensnitter output power

GoaN TeCaIver sensitivity

standard deviation of the recaiver sensitivity

safety margin for unexpected losses

mesn environmental margin for edverso operating conditions
standard daoviation of the environmental margin for adverse
operating conditions

adjustments to the 1ink loss budget

total jumper cable length

moan Juaper cable attenuation

standard deviation of the jumper cable ettenustion

total multifiber cable length

neen sultifiber cable attenuation

standard devietion of tha sultifiber cable attenuation

the maxisum diffarence In the msan csbla attenuation from the

ow 2 [LLISNUSN

wanufacturer®s measured value ovor the transmitter's center
wave langth range
the total number of connectora
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maan connector loss -

standard deviation of the connector |oss

the total number of splices

the mean splice loss

standard devistion of the splice loss

numbar of othar pass|ve devices of one type
mean loss of othar passive devices of ona type
standard deviation of the other paasjve devices of one type
maximum power avallable at the receiver
dispersion power penaity

mode partition nolise penalty

total doterministic Jitter

input deterministic jitter

transcitter deterministic jlitter

fiber deterministic jitter

recalvar deteruinistic jltter

totati random jitter

input random jittaer

transmitter rendem jitter

roceiver random jitter

fiber/cable axit rise time

total output jitter

teuparature derating factor

quality derating factor

fiber optic ceble, light duty connector, heavy duty connector,
.. single tibar aplice, cable splice, or opticel switch, fallure
rate

base optical fiber failure rate

environmenta! derating factor

nugber of fibers In the cabfe

mating/unmating derating factor

active termini derating factor

nuaber of switch states

FEPF
'

;;g;?gf?f??!?

g
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4. GENERAL REQUIREMENTS O

4.1 General. This section provides general requirements for designing s fiber optic system.
Genaral information for those link designere who may not be familiar with the performance details of
the Havy standard fiber optic components and other commercially avallable flber optic components is
provided in 4.2, Guldance and requirements for the physlce! design of equlpment with Internal fiber
optic tinks and axternal fiber optic Interfaces are given in 4.3 and 4.4.

4.2 Optical fibers and fiber optic components.

4,21 Optical fiber. This section provides a general comparison of soveral different
standard multimode fiber sizes. Since the opticael fiber used In typical flber optic links is in
cabfad fore, the performance veiuss discussed In this sectlon are representative of cabled flbers and
will be explicltly noted as such.

4.2.1,1 Construction. The basic structure of &n optical fiber consists of a center core

which is surrounded by en outor leyer called the cladding (see figure 1). The core aend ciedding
materials constitute the light-guiding structure. The cladding material has & {ower Index of
refraction than that of the center core material to achleve internal reflection of the |ight rays.
The ciadding may be coated with other matarials (gensrally polyamers} to provide physical protaction,
increasad product strength, or isoletion from externa! mechanical forgces and moisture. Fibers coated .
with this additionai materiel are called buffered fibars. The Navy standard size for buffered fibers
is 900 micropoters {um). For single mode fiber, the core has a constant Indsx of refraction over the
entire core area. For multicode fiber, the index of refraction of the core glass may be constant
. (step index fibers) or may vary over the coro asrea (graded index filbers). For graded Index multimode
optical fibers, the core has a.graduated Index of refraction which Ils highest at the center of the
core and equal to the index of refrection of the ¢ladding at the core/cladding intarfaca. For a
graeded index multimode optical fiber, a plot of the index of refraction versus radial position (called

en index prafile) is spproximetely parebelic. The exact shape of tho index profile is controiled by

the fiber manufacturer to maximize the bandwidth of the multimode fiber (see figure 2}.

NAantim \
WAL
CHacknng
Eﬂu er -
FIGURE 1. © fiber structure.

FIGUﬁE 2, [ o [ er .

4.2.1.2 Relative pe ance characteristics. A nusber of fiber sizes are commercially
availeble, but only two are recognized es standard sizos by the Navy. These are_the 62.5 po core
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nultimode fibar (MiL-F-49281/6) and the 8.5 to 19.1 um single mode fiber (MIL-F-48281/7). The Navy
standard fibers and the most widely used commercial fiber sizes are shown in tsble |I.
TABLE '|. Navy standa d commarcia r aizes.
Core Diamoter (um) Cladding Diameter Numerical "
{pw) Aperture
' 8.5 to 19.0 (Navy staendard, single moda) 125 N/A i
56 (Commercial) 125 6.20 _1
62.5 (Navy standard, multimode) 125 8.275
188 (Commerclal) LI 8.29

conmerclel telephone trunk market.

4.2.1.2.1 Single mode fiber.

bandwidth capability (many times that of any multimwode Tiber).
requires a laser source which may be undesirable in somo casas (soe 4.2.8.1.2). Additionally, this

fiber has higher connoection losses {(despite requiring tighter teolerances on wnectlion hardwars).
4.2.1.2.2 62.5/125 pm multimode fiber. The 62.5/125 yn fiber is the Navy standerd auitigode

fiber.

The single mode fiber is the most widely used fiber in the
When used with a 1aser source, this fiber has an extremely high

Howaver, the use of this slzs fiber

This fiber has much lower band sensitivity than other fiber sizes while still having a
relatively high numericed aperture, ‘low cabled attenuation rate (1.2 decibals per Kilometer (dB/km)
typlcal at 1398 nm), end high eodal bandwidth (500 megahertz {MHz)km typical at 1306 nm).

4.2,1.2.3

4,2,1.2,.4

58/125 pm multimode fiber.
(1600 MHz-km typlical at 1308 na).
used primariiy in longer distence spplications in privste-pronise notworks.
of this fiber size are low numerical aperture, higher connector losses and modarate bend sensitivity. -

106/1406 un ruitimode fiber.

The 58/125 ym fiber has the highest modal bandwidth

This fiber was the first to be used in the telephone network and is
The primary disadvanteges

LED sources and requires the feast precisien Tor connactors and splices. it Is typically usad for
short-length computer |inks and networks.

modal bandwidth (2¢0 MHz ko typical at 1389 nmn} and moderate bend sensitivity.

The primary disadvantages of this Tiber size are the low
Also, the 1006/140 um,

fiber requires diffaerent sized connectors and splices than the other fibers because of its larger
diemeter.

stenderd end common commercial multimede fiber sizes can be summarizaed as shown in table (1.
limits shown In tabte || sre typicat! values for cabled fiber performance.
optic cablas with different attenuatlon rates and bandwidth can be scquired from cable manufacturers.
The typical performance of the Navy standard multimode optical fiber may be different than the Iimits
Additional information on the rsistive performance of different multimode fiber sizes

4.2,1.2.5 performance comparlison.

The relative performance characteristics of the Navy

.The
Severa! grades of fiber

in table 1.
can be fTound in 6.3a, b and ¢.
TABLE I1. abled wmu od [ a comparison.
Fiber 8Siza
Attrlbute £9/125 puw 62.5/125 pm 1807149 =
8560 nm 1300 856 na 1366 nm 856 nm 1300
nm na
l Typiecal Cabled Fiber Attenuation
(dB/km) 3.2 1.0 3.2 1.2 4.5 1.5
Bend Sansitivity - Avarage - Bast Worst
Typical Cabled Fiber Modal
Bandwidth (HHz-km) 580 1068 - 16808 508 168 208
Alignment Sensitivity end Input .
Coupling Efficiency Worst A Good Best
=0 9
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NOTE: When optical flbers are manufactured, their bandwidth is measured and the fibers sorted into
groups (referred to as celis) based on the measured bandwidth. The fiber manufacturer
warrants thet any product within o c¢el} will meet the minimun bandwldth specified for that
particular cell. |In many cases, the bandwidth specified for a cabled fiber is the minimum
specifiod bandwidth for the bandwidth cell to which the fiber belongad end may be lower than
the actua! bandwidth of the cabled fibar. Bandwidth calculations (see section 5) based on

fiber bandwidth ce!i minimum specifications will ylaid conservative |ink bandwidth
predictions.

4.2.1.3 Flber attributes. Thero are aix fiber ralated attributes which affect system
performance: coupling efficliency to the optical source and dotector, attenuation rate, bend
senslitivity, alignment sensltivity at fiber connections, chromatic dispersion and modal bandwidth.

4.2.1.3.1 Attenustion. The attenuation of a fiber is a function of wavelength. For
nultimode fiber tinks, operating wavelangths in the first trensmission window (650 + 50 nm) and the
second transmisalon window (1388 t 56 nm) ere typically used. In singie mode fiber Iinks, operating
wavelengths In the second transeission window and the third trensmission window (1556 £ 50 nm) are
typically used. Tho second trensmission window is the standard window for Ravy comounication l|inks

for either multicmode or single pode fiber. A typical sgpectral attenuation curve for a cabled fiber is
shown In figure 3.

[
7 =
Typica!l Multimodo System
e —— ————
‘ Wavelengths
g .
=2
'3 a -
&
=
&
I
-
2=
1 b=
- — A S A i A A
- Ll L] 1ee raee e . o0 e tase
Wavelangth {nm)
FIGURE 3 Tunical ashlad antlcal fihar anactral attanuation,

4.2.1.3.2 Flher distortion. For multimode fliber, the fiber distortion Is a function of the
modal distortion (modal bandwidth), the chromatic dispersion (see 5.4) end the source spectral width.
For single mode fiber, the flber distortion is a functlieon of tho chromatic dispersion and the source
spectral width., The chromatic dispersion of a multimode fiber has & zero dispersion wavelength in the
1380 no window (see figure 4). The chromatic dispsrsion of a standard single mode fiber has & zero
dispersion wavelength in the second window between 1290 end 1330 na. The fiber distortion can be
ainlmlzed by doing one or sore of the following: ustng an opereting wavelength region near this zero
chromatic disperslon palnt, minieizing the cable fongth, minimizing the source’s max{mus spectral
width, or utillzing & higher bandwidth fiber (sace 5.4),

~ 4.2.1.4 Applicebility. Optical flbiro used in Havy tectical applications shall be in
accordance with MIL-F-49204, MIL-F-49291/68 and NIL-F-49281/7. All oultioocds fibers used In Navy
nontacticel epplications shall bk 62.5/125 yn pultimode flber.

4.2.2 Ejber opntic cable. The design of a flber optic cable Influences optical performance,
environmental end mechanicel! performance, human factors, end safety.. The foliowing paregraphs discuss
the structure of four common coamercial flber optic cable designs and the benefits and drewbacks of
oach of those designs. The designs are the Breakoyt, Stranded, Loose Tube and Ribben designs.

10
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**Figure 4. Jypical Optical Fiber Chromatic Digpersion.
4.2,2.1 Cegb -]
4,2.2.1.1 Preskout design. A Breakout design fiber optic cable consists of Iindividual single-

fiber cables, called Optical Fiber Cabla Components {OFCCs), laid with strength mesbers earound s
central seaber and over jackstsd for environmental and mechanical protection (mee figure 5). FEach OFCC
consists of a buffered fibor (960 yn total diameter) surrounded by strength mombers and e protective
jacket with an outer diemeter of mpproximataly 2 willimeters. The breakout design cable is typically
used as local cabling in commercial intrabuiiding epplications. This ceble design is currently the
only cable design approved for Navy fiber optic cablfes end is in accordance with MiL-C-85645, MIL-C-
85045743 (eight-fiber csble), MIL-C-85045/45 (four-fiber cable), MIL-C-85045/16 (single-fiber tight
buffar cable), HIL.C-85045/17 (aight-fiber cable, enhanced perforgance), MIL-C-85045/18 (four-fiber
cable, enhanced parformence), MIL-C-85845/18 (twenty-four to thirty-six flber cable), end HIL-C-

85045/20 (twenty-four to thirty-six tiber cable, enhanced performance),

OPTICAL FIBER CABLE
COMPONENT (OFCC)

WATERBLOCKING
KEVLAR .

OUTER JACKET
WATERBLOCKING YARN

WATERBLOCKING
CENTER MEMBER

FIGURE 5. OFCC (Breakout) design fiber optic csable.
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4.2,2.1.2 Strended design. A Stranded design cable is m fiber optic.cable in which the
buffored fibers (960 pm total diemeter) aro stranded down the center of the ceble surrounded by
strength members and e protective jacket {see figure 6). This cabte dasign is typically used in
commarclal inter- and intrabuilding trunk epplications.

FIGURE 6. Strs des ba c cabla.
4.2.2.1.3 Loose Tube design. A Loose Tube cable is & flber optic cable Iin which 256 pm

coated fibars are loosely grouped in tubes or slots which are stranded down the cable. The tubes ere
grouped with strength members and surrounded with a protective jacket. This design is typlcally used
in commercial iong-haul talephone trunk epplications.

4.2.2.1.4 Ribbon desian. The Ribbon cable design is @ variant of the loose tube design in
which auitipie 258 pym coated flbers (typlcally 12 each) ere sandwiched in a linear array, called a
ribbon, and laid in a loose tube down the center of the cable (see figure 7). The ribbons are
surroundad by an Inner plastic tube, strength members, and an outer protective jocket.

FIGURE 7. Ribbon deslan fiber eptic cable.

4,2.2.2 Relstive perforpance charsctaristies. Any cable usaed In Navy applications must meat
minlgun lovels of perforzance in safety (low smoke generation, low toxicity, low halogen content,
flame rosistant, and so forth), durability (able to withsteand shock,- vibratlion, mechanical abuse,
fluids, and so forth), human factors {ease of installation end repair), end optical performance., The
basic optical performance of a particular cable dagign ls detereinad by the opptical fiber used and ls
not a primary consideration In choosing the cable désign.

12
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4.2.2.2.1 Safety. The safety performance of e cable ia a function of the waterials used to
manufacture the cable. If epproprlate materials are used to manufacture the cable, then the cable
will meat the necessary safety requirements. Currently, on!y tho OFCC design cables ere manufactured

using eppropriate materlials.

4.2.2.2.2 Dursbiljty. Each of the designs can be very durable when properly sanufactured.
The primary exceptions are the bending and waterblocking performance of ‘the Ribbon cable design 'and
the waterblocking perforaance of both the Stranded and Loose Tube designs. Table 111 shows the
dynomic band performance of the four cable designs, The cable’s minisum dynamic bend dimpeter la
equal to the cable's outside diameter (OD) wultiplied by the factor given in table JII. The Rihbon
cable design has the greatest limitations on bend performence of the four cable designs. Currently,
the Ribbon and Loose Tube cable dasigns sanufactured commercially are not waterblocked with suitable
materials {for exmmpie, nongreasy, nontacky, and so forth). The thaermal and machanical performance of
both of these cable designs would be adversely affected by the use of eppropriate compounds. The
Stranded design cable is ganerally not waterbiocked in cemmerclal mpplications. ’

TABLE 111, Bend performance of fiber optic cable degians.

Cabla Dasign Hinioun Oynasic Send Oiameter
(Cabta OD Multiplier) et
Breakout (OFCC) 8
Strended 8 to 12
’ Loose Tube 12 to 20 I
Ribbon 20 "
4.2.2.2.3 Human fectors. Tho human factor elementa for the designs very widaly. The pr{nary”

area of concern for human fsctors is In the breskout of Individual fibers in the cabie plant
interconnection boxes or system equipments. The OFCC design Is the most suitable for Navy
applications because each fibar is protected within its own subcabls. fn the Stranded design, the
individual fibers are more susceptible to sccidonts! dsmage since they are mot protected In an OFCC.
In the Loose Tuba end Ribbon designs, the Individual fibers show a high susceptibllity to damage when
broken out of the tube or separataed from the ribbon. .

4.2.2.3 Ejbar capacities. The total fiber capacities for the verious designs vary widely.
The Loose Tube and Ribbon cable designs have the greatest capacity, being able to hold ovar 208 fibers
in a 8.5 inch diameter cabie. For the same size cable, the Stranded design can accommodate
approximately 48 fibers and the OFCC design can accommodate approximately 12 fibers.

4.2.2.4 ppplieabjlity. Because of the ease of use and the high degree of ruggedness, the
OFCC cable is currently the standard Navy design. OFCC cables ara available with fiber counts of
four, eight, twenty-four, thirty-threa and thirty-six fibers, All fiber optic cabtas used in Navy

shipboard intercompartment applications shall be in accordance with MIL-C-85845. The NAVSEA Fiber
Optic Program OTfice shouid be consuited to datermine the specification shssta that are sppreoved tor
use, * R

4.2.3 Connectors. Connectors are commonly used at transmitter end receiver to cable.
connections, equipment connsctions and fiber-to-fiber connectlons in interconnaction boxes.
Connectors may connect only cne palr of fibers together (single terminus connectors) or may connect
multipie pairs of fibers (multiterminus connectors). For Navy shipboard applications, connectors are
grouped into two classes; Iight duty single terminus connectors and heavy duty sultitarainus
connectors. Light duty connectors are usaed only In protected areas such as within equipment intariors
end within fiber optic intercennection boxes. Heavy duty connectors are used in unprotected {ocations
such es external equipment connectors. .

4.2.3.1 Conatruction and relatjye performance charactoristics. The basic structure of =
fiber optic connector consists of two mechenlcal assemblles, ons sttached to each flber end; and an
allgnment assembly. The alignment essembly physically positions the fibers in proxlaity so that light
transnisslon asy occur across the interfacs. Thore ere many different types and styles of commercial
fiber optic connecters avallable. Basic connactor types include cylindrical ferrule, v-groova,
bleconic, and lensed connectors, SMA, ST, FC/PC, Blconic, and SC connectors are the most common
commercial single tarminus connectors. The Fiber Distributod Date Interface (FODI), SC Duplex, and
ESCON connactors are the most common commercial duplex connectors.
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4.2.3.1.1 5T Connector. The commercial ST connector ia the basis of the MIL-C£-83522 and HiL-
C-83522/16 Navy standard single terminus |ight duty connector. The ST is a cylindrical ferrule
connector and has a bayonet style coupling mechanism (see figure 8). The fiber is epoxied Into the
ferrule using en adhesive and the fiber end face is finely polished. Refer to MIL-STD-2042/5 for more
information on the pssembly and installation of MIL-C-83522/16 connectors. The ST type connector was
chosen as the Navy stendard |light duty single terminus connector because of its easo of essembly,
quick connect/disconnect time, ruggedneas and high-grede optical performance., The primary
disadvantage of the commercial ST Is that it is typically more shock sensitive than those stylaes with

screw ¢n type coupling mechanismy. The MIL-C-83522/18 ST connector s MIL-S-901 Grade A shock
qualified for multimode fiber. . .

Bayonet styfe plug
Optical fiber

£ Boot or strain refief

FIGURE 8, .Navy standard single terminus light duty connecter.

4,2.3.1.2 ESMA and FC/PC connectors. The FSHMA and the FC/PC connectors are also cylindrical
farrule ceonnectors, but both have a screw on type coupling mechanigsm. The FSMA connector typically
has high optical loss and poor repeatablility, meking It unsuitable for Navy use. The FC/PC coanactor
was developed for single mode applications, but has found use in commercial multimode systems as well.
This connactor has the beat optical end mechenical performance of the connectors conmercially
svailable, but can ba difficult to assemble, has a relatively long disconnect/reconnect time and
raquires largar separation distances on patch panals than elther the ST or SC connectors,

4.2.3.1.3 PBiconic connegtor. The biconi¢ connector has a conlical ferrule and s used
commercially for both singlo mode and muttimode fibers in telephone applications. This connector is
targer than the other commarcia! connector styles, cen be difficult to asaemble in the field, and
requires lerger separetion distances on patch paneis than aeither the ST.or the SC connectors.

4.2,3.1.4 SC connector. The SC connecter is a newer commercial connector having a push/pull,
style coupling mechenism and a squars footprint. This connector was developed to maximize connector
densities at connector patch panels and equipment backplanes and minimize disconnect/reconnect time
and difficulty. This connector typically is constructed of plastics and has unknown environmental
porformance, espacially at high shock levels.

4,2.3.1.5 Multiterminus connector. The Navy stendard heavy duty euititerminus connector, the
MIL-C-2B8768 connector, Ils a cyiindrical ferrule connector based on the MIL-C-28848 Navy electrical
connector (see figure 9). This connector is a keyed, mechanically rugged, strain rellevod and
environmentally sealed connector. Currently the WIL-C-28876 connector can terminate cables with two,
four, six, end eight fibers. Each fiber {s terwinated to a separate ferrule assembly, called o
torminus, which la held In the insert within the connector shell. The flbers ere epoxied into each
terminus using an sdhesive and the ends are flnely polished. Refer to MIL-STD-20842/5 for more
‘information on the asseably and installation of MIL-C-288768 connectors. When plug and receptacle MiL-
C.28878 connectors sre mated, the pin and socket tarmini In esch mating receptecie or plug engage with
their corresponding socket and pin terminl to align the mating flbers. The HIL-C-28876 connector was
chosen as the Navy standard heavy duty multiterminus connector because of [ts superior mechanical
properties, environmental resistance, and high-grede optical performance.

4.2.3.1.6 FDDIl, SC Duplex and ESCON connectors. Both the FDDI and the ESCON connectors are
integral units developed for use |n datscon and local area network (LAN) epplications. The 5C duplex
connector Is commonly produced by ganging two simplex SC connectors in a duplex housing. All three
connector types use 2.5 mm ferrule technology, as do the ST, FC/PC, and SC simplex connectors. Ail
three connector types are polarized to prevent revsrsal of the transait end receive fibers and can be
keyed to pravent connector insertion Into lncorrect receptacles.
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Wall mounting receplacie
connector with strain relief

Piug connector with
strain relief

Optical cable Polarizing key Optical cable

FIGURE 8. Hultlterminus (MIL-C-28876) connactor.

4.2.3.2 Connector attributes. There are several attributes that describe connector !
performance: connection loss, back reflection, repeatebility, minimum connector to connector spacing
on patch panals, disconnect/reconnect time, difficulty of assembly and ruggedness.

4.2.%.2.1 Connection loss and back reflection. Each connector in a fiber optic link
introducas both an opticai loss into that (ink end & reflected signal back through the link. The loss
occurs bocause of fiber mismatches as weil as connector specific losses including Fresnel reftections
at the interface, lateral and engular misalignment, and in some cases, fiber separation. Each
differant connector type/style minimizes each of the connaction related loss mechanisms to some
extent. MHany of the commoniy svailable connectors (including the Navy standerd connectora) are ’
polished s0 as to minimlze the back reflectlion (tha physical contect (PC) palish). This pelishing
technique reduces back reflection fros the connector, end connector loss. Loss and back reflections
egre the primary optical effects from the use of a connector in a flber optic link.

4.2.3.3 -Applicebility. Light duty single terminus connectors used in Havy tactical
applications shall be In accerdance with MIL-C-83522, HIL-C-83522/18 (connector plug), MIL-C-83522/17
(plug edepter), and MIL-C-83522/18 (active device mount). Heavy duty multiteroinus connectors used in
Navy shipboard apptications shall be in accordance with MIL-C-28876 and the supporting specification
sheeta. Light duty connectors used in Navy nontactical epplications shall be campatible with MIL-C-
83522/16 connectors. : -

4.2.4 Splices. Splices are comaonly used for low loss permanent flber-to-fibar connactions
in interconnection boxes and equipments. In general, splices may connect only one pair of flbors
together (single fiber aplices) or may connect multiple pairs of fibers (multifiber splices). For
Navy shipboard app(ications thers Is only one class of splice: light duty single fiber splices. Light
duty singla fiber aplices are used only in protected areas such es equipment interiecre end within
fiber optic Interconnectlon boxes., Light duty single fiber splices used in Navy tacticatl applications
shall be in accordance with MIL-5.24823 and MIL-S-24623/4. v

4.2.4.1 Spllce tynes. The styles of fibar optic splices which sre the most common ih the
commercial market change continually. Fusion end slastomer sleeve splices were among the first
doveloped. Fuslion splices ere typically used in long haul, telephone outslide plant, and other
epplications where many splices are used and splice equipment costs can be spread out over many
cotmoctions. To obtain quatity fusion spiices, highly trained parsonnsi end sophisticated eutosated
fuslon spllcing equipment are required. Mechanical splices are cormmarclally used in spplications
whera splice quantities ere not es high and the Inltia§ investment for & fusion splicer is
prohlbitive. Most mechenltcal splices use elther index matching gel or index matching adhesive to
ainimizo back reflaction and attanuation.

4.2.4.2 Construction snd performence characteristics. In a fusion wplice, the flbers are
fused togethor to form a single continuous waveguide end placad In & protective holder. For
mechanical spiices, the basic structure of the flber optic splice consists of a mechanical easembly
that physicaily poaitions the fiber ends in close proximity so. that light trensmission may occur
across the Interface. There are many different varleties of mechanical fiber optic splices avallable,
the most common being glass capillary, glass rod, and elastomer sleeve splices.
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4.2.4.3 Llght duty singje fiber splice. Glass caplliary mechanical splices are the most
common commercial mechanical splices. This type of eplice has iow losses end low back raflections.
The racommended single fiber splice for Navy [ight duty sppiications {par MIL-5-24623/4) is 2 glass
capillary machanical splice, known s & rotery mechanical splice. This spllce consists of two
identical precision glass capillaries (farrules) which hold each fiber end (see figure 16}. The
fibers sre epoxied in each ferrula with en ultraviolet (UV) curable adhesive. end then the ferrule ends
are polished. The ferruies are oated together using s metal alignment clip end index matching gef.
Rafer to MIL-5TD-2042/5 for more Information on the assembly and installation of tho MIL-5-24623/4
splice. The HIL-5-24623/4 rotery mechanical splice was chosen as the Havy standard |ight duty single

fiber spiice because of its esasa of ssseably, ruggedness, high-grade optical performance, and
remataability.

Afignment sloave

Fiber
:: -,tfir Tab Aﬂff/;hb
Spring retalner . o0
) spring
FIGURE 18. otary mechanic ca.
4.2.4.4 Spljce sttributes. There are several ettributes that describe splice performance: ’

splice loss, back reflection, re-enterability, remateability, time/skill to assemble and ruggedness.

4,2.4,4.1 Spljca_loas and back reflection. The loss end back reflection mechanisos for a
fiber optic splice are slailsr to those for & fiber optic connector (see 4.2.3.2.1). Host of the
conmonly avallable mechanical splices utilize an index matching gol or adhesive to minimizo the back
reflection. As with connectors, the reductlon of the back refiection from the splice also reduces the

splice losa. Loss and back reflection are the prisary optical effects from the use of a splice in a8
fiber optle link.’

4.2.5 Fjher optlc gwitches. Fiber optic switches are primarily used in local arees networks
{LANa) as failsafe bypasses for equipment. Flber optic switches for use in Navy tactical alsaion
critical applications shall be In accordance with MIL-S-24725 and the supporting specification sheets.
Spociflcation sheots MIL-5-24725/1 #nd /2 deseriba 2 x 2 multimode fiber optic bypass switches for use
in protected areas such es interconnection boxes and systes equipment. The /4 switch is aspproved for
hard mounting, but the /2 switch sust be shock isolated to properly operate during shipboard shock.

4.2.5.1 Constrietion and performance characteristics. There are e numbor of different types
end styles of flber optic switches commarcially availeble. The wost common fTibar optic switch typeg
ara the moving fibar and moving mirror switches. Both fiber optic switch types can exhibit shock ~
sonsitivity, HNIL-8-24725 specifles ninimun fevels of fiber optic switch performance, but does not
specify the switching sachanism. Noving fiber switches use e&n electrical relay to phydically move the

- input and output fibers to produce switching. In soving slrror switches, mirrors are inserted into

optlcal paths by an electrical relay to produce switching. Other switch types ere also avelleble
depending on the eppllcation.

4.2.5.2 Switch attributes. There are ssveral attributes that describe switch performance:

switch loss, back reflection, repestsbillty, switching tima, lifetime, slze, power consumption, and
ruggednass.

4.2.5.2.1 $Switch joes and beck refiection. The leas end back reflnctlon mochanises for a
fiber optic switch are simllar to thoss for a fiber optic connector whon the switch connection ls

engaged (see 4.2.3,2.1). In general, loss and beck reflections are.the primary opticafl offects from
tho use of a awitch in a flber optic lInk.

4.2.6 Couplers. Fiber optic coupler use iy more Jimited than thet of the other passive fiber
optic components. Common appllcations are in passive distribution systeams, bidirectional
comaunication |inks, end wavelength division multiplexed (WDM) links. Commercial couplers may be used
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in eny Navy fiber optic system, but the coupler used must be eppropriately tested to assure that it
meats the system requirements. Most commercial couplers are |ight duty couplors Intended for use
inaside interconnection boxes, racks, or equipmants.

4.2.6,1 gConstruction end performence characteristica. The basic structure of a fiber optic
coupler consists of input fibers to a coupling region, the coupling region itself and the output
fibers. The number of input fibers and output fibers may be the seame or may be different. Within the
coupling reglon there uay be additlional components such as dichroic filters, as in the case of some

wuv'ﬁlt‘lﬁﬁul division sul \.upl%‘iai‘s Thare are =RaNy giffarsnt ;‘,pva and at‘,""?l of tiber eﬂt!c cauﬁ!ars

avaitable. The baslc coupler types Inciude fused biconical tapér (FBY), plenar, glass rod and bulk
optié. The most copmon commercial flber optic coupler type Is the FBT type fiber optlc coupler.

- 4.2.8.1.1 Bulk optic snd glnss rod coupters. The bulk optic and glass rod coupler types were
the first coupler types devalopaed and show the highest losses end the greatest variabliity in
insertion loss of any couplar types. In the bulk optic coupler, light Is directed from the input
fiher to the ocutput fiber through the use of lenses, mirrors and beam splitters. in the gisss rod
couplers the input light |s launched into ona end of a glags mixing rod, which then launches light
into the output filbers.

4.2.6.1.2 FBY coupler. FBT couplers, the most common coupler in the commerclal market, aro
constructed by heating. twiltlng. and fualng soveral fibers together 1nitial!y. the ureatest -
'IHKI'IBSBGS OT tnlﬂ coupur typo ware H‘l’al’tloﬂ IOSB I'lDI!‘II.II'II‘I'OI'IIIty HI'ICI coupllﬁﬁ 55ﬁ§lll"l‘ly '-U II'IFU‘L
light modal conditions. Most current FBY couplers produced still show some nonuniformity in Insertion
loss (espacially for couplers with many Input end output fibers), but many do not show excessive
sensitivity to input light modal conditions. FBT couplers ofton show a high sensitivity of the

transmittance matrix to--nput 1ight wavefength.

4.2.6.1.3 Plenar coupler. Thoe plenar coupler currently shows the best overail insertion
loss uniformity, the least wavelength sensitivity in the set of input to output coupling losses (known
es the transfer matrix), and the least sensitivity to input light modal conditions. Thia couplar typa
is constructed using glass substrates end olther depositing waveguides on the substrate or modifying
the substrate material to produce waveguidas within the substrate. *

4.2.6.2 g_gnlg_~g;3:1hy1_g There are several attributes that describe coupler perfornance:
insertion logs, crosstaik (for WDH type devices), temperature sensitivity. waveiength sensitivity of
tho transfer matrix, and ruggedness.

4.2.6.2.1 Co r |oss end bs a on. For most of the coupler styles, the reflected
slgnal levels are low. -Losses between input and output fibers occur from tho basic connection losses
{see 4.2.3.2.1) as wall as from the changing waveguide structure within the coupler. The loss between
diffarent input and output fiber pairs is stightly different beceuse of differences internal to the
wixing region. The transfer matrix is generslly different for each transmission window. As with the
other passive fiber optic components, loss and back reflection are the primary optical effects from
the use of a coupler in & fiber optic (ink.

4.2.7 |nterconnaction poxes. Interconnection boxes are used in fibor optic systems to allow
oquipment to efficiently route and distribute optical signals throughout the ship. Interconnactlion
hoxes for use {n Navy tagtical and nontmctical applications shall be In sccordance with HiL-{.24728
and the supporting spocification shaete. These interconnaction boxes are watertight and may be used
fn unprotected locations throughout the ship. Thase boxas serve o protect and isolate the light duty
single fiber connectors. spiices or other components contained within them from the shipbeard .
environment.

4,2,7.1 gonstruction. The interconnection box consists of en outor box structure and
internal connector patch panals, splice tray holders and splics treys, and cable esnagement davices.
Smali fntercommection boxes that will accept up to alght or 18 singla fliber connactors are avallsble.
These spall Interconnection boxes are not modular In design. Large -Interconnection boxes are sodular
with versions available- containing one, two or three modules. Esch module may contain up to 48 single
fiber connectors or 72 single fiber splices. Connector and splice modules may be mixed within the
szma interconnaction bax. A cofnector module consists of a flat plate (the patch psnel) end slide
channaels that the plete mounts In. The patch panel slldes out of the box for @asy access. The patch
penal contains holas for sounting pane! mount saingle flber connector adapters. The splice wodule
consists of one or two splice tray hoiders that will eccept up to &ix removable splice traya that &re
in accordance with MIL-8-24823/4. Two different splice trays aro availeble. The MIL-8-24623/4-82
splica tray holds up to 12 spliges, but Is not a MIL-S-801 Grade A shock qualifled Item. The MIL-8-
24623/4-03 splice tray holds up 10 € splices end is & Grade A shock qualified item.
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4.2.8 r optic _sou and transmitters. tn & fiber optic link the opticel transmitter
convarts an eiectrical aignai to a iight (opticei) signal and leunches the iight into the fiber. The
trensmitter normally consists of an interface circuit, an electrical drive circuit, 8 semiconductor
light source and an opticel intarface (elther a connactor or fiber optic pigtail). Fiber optic
transmitters ero avetlable that wiil accept most logic types inciuding transistor-trensistor logic
(TTL), eamittar coupted logic (ECL) end othors. Semicenductor sources with center wavelengths in
elthor the 850 or 1300 nz transmission windows are available. For epplicetions wlth moderate data
rates, sourcas In the 1368 no window should be used. Fiber optic transmitters approved to MIL-H-
24791/1 ere avallabie for use In data links with line rates from 26 to 166 Megabaud.

4.2:8.1 Optical pource types. There ere several choices of semiconductar llight sources for

fiber optic links, These sources can be groupad Into two broad categories: jight emitting dlodes
(LED"s) and laser diodes.

4.2,8.1.1 [ED ot on_and performance characterjsijes. LEDs ere the recommended source
type for multimode flber linka because of thelr low cost end relatively simple drive circulitry. LEDs
can be categorized Iinto three basic groups: surface emitting dlodes (SLED), aedge emitting diodes
(ELED), end superluminescent diodes (SLD). The basic diffarences batween the three categories are tha

direction of light emission relative to the positive-negative (pn) junction and the power launched
into the fiber.

4.2.8.1.1.1 SLEDS. In SLEDs the 1ight output is perpendicular to the pn junction (see figure
11). This output light Ia Incoherent, covers a wide spactral range and is distributed over a larger
solid angle than a typlicel fiber can accept.

' Opticel er "\@/_F\

Epoxy resin

Meteiiration Metalization

n-fype GaAs

Efched
faubstrate)

well

: n-type AlGaAs \wtti/sy
Double-heterojunction v L
Iaysrs ~—| n-type or p-type GaAs

p-type AlGaAs

p-type GaAs . _/ \
Metallzation / \

MHeat sink / ] - \
Clrcular contsct region —/ ¥ N

Primary active region
FIGURE 11.

4,2.8.1.1.2 ELED pnd £10. In contrast, most ELED end S8LD constructions are based on
semiconductor laser constructlons. The primary differsnce batween the ELED end the faser is that the
lasar cavity facets are sade nonraflectiva ‘in tha ELED go no stimulated emisslion occurs. For ELEDs
tho Light output is peraliel to the pn junction (see figure 12). Typlically, the light output from en
ELED [s distributed over & such ssalier solld engle end a narrowsr spactral band then that of an SLED.
ELEDs typicelly isunch more powoer into a muttipode optical flber than a-SLED (especlially for the
smaller core sizes/numerical apertures). The primary difference batween the ELED and the SLD s that
In the SLD the cavity facets sre somewhat refloctive s¢ that some stimulated emisslon occurs within
the cavity. The output of en £LD Is over a smaller solid engle and a narrower spectral width than
that of an ELED. However, the output is not fully coherent.

4.2.8.1.1.3 Performance comparison. The b&wer {aunched by the SLD is the highest for the LED
structures. The higher power densitlies at the pn Junction, however, decresse tho SLDs reliebility,
The SLD is not as widely available as SLEDs and ELEDs and is not commonly used as a source in
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communlcation applicatlona Table {V shows 8 comparison of the typical performances of the different
LED types.

4.2.8.1.2 Laser diode construction and perfermance requirements. Semiconductor laser sources

typically have a greater output power at a lower drive current end higher bandwidth than LEDs. The
output power coupled Into & 62.5 um fiber for a typlcal semiconductor taser is oh the order of -3 to
+5 dBm. The output is coherent and highly directional. The spectral width of a seaiconductor laser
nay range from 6.5 nm (single longitudinal mode lasers) to greater than 16 nm (oultimode laser).

Semiconductor lssars are availabls for uss at almest any center wavelangth and have modulatien
bandyldth in axcoss of % gigahortz (GHz).
TABLE IVv. LED and |pser perfermance comparisoq.
Typical Source Performance
Attribute SLED ELED SLb Lasar
850 nm 1368 _nm ' 850 nm 1360_no
Launch Power -8 to 15 to -2 t -5 to <5 to -5 to o
{82.5 pm fibar} =15 dBa -1 dBm =17 d&- =48 d8a 1€ dBz 3 d8:
Spectral Width " 50 to 120 to 78 to 126 no 20 to 56 nm <1 to 16 nm
{FWHH) 110 _nm 178 no
Canter Wavelength i 756 to 1268 to 750 to 1600 756 to 1600 770 to © 1200 to
668 no 1666 _nm nm nm 665 nm 16680 nm
Max i®um Bandwidth 256 MH2 400 to 500 > 480 Hhz » 1 GHz
HHz
*
Lifetime 10* 10’ 16" hours 16* hours 16* hours
hours hours
Linearity Hoderate Hoderate Poor Good
Drive Curreni 30 to 206 mA 30 to 200 mA 36 _te 200 oA 16 to 150 mA
Teaperature -
Sensitivity 4 to 6 dB 6 to 18 to 149 to 25 4B
(-40 to 470 *C) 22 dB 25 dB .

- NOTE: Typlcatl values ars shown for comparison purposes only. Chack with the manufacturers for exact

performance characteristics for system design purposes.

4.2 8 1,2,14 Comnlavityv of dasian, Samiconductor lazars do have some disadvantages.

Semiconductor laser 1ifetimes are generally on the order of 16' hours, ppproximately an order of
sagnitude lesg than most LEDs. Most semiconductor lasers are mora temperature sensitive than an LED,
end require sowe form of automatic power control (APC) circultry snd internal or external .
thermoelectric (TE) coolers. The clrcuitry required for these functions, whether inside or outside of
the package, increases both the cost end complexity of the Ilnk The use of Intarnal or external TE
coolers tends to decrosse the transaitter's reliabillity. .

4,2.8.1.2.2 . One of the disadvantages of
semiconductor issers arises from the semiconductor laser Interection with other link components. When
samiconductor lasars are used with multimode systems the number of longitudinal modes (for example,
the spectral width) of the laser should be maximized. In general, If the full width half maxisum
(FWHM) spectral width of the lssar is less than 5 nu, modal nolse genarated by leser interfarence will
bo orasont within the link and the link losses will ba unatabloe, Furthsrsore, {ssers with narrow
spectral widths are more suscoptible to reflections from fink connoctions and say further degrade the
Ilnk performance if large reflections are present (see S5.8.4). Tho sffocts of modal noise cen be
evolided in systems using narrow spactral width lagers if special sodulation techniques wre used (seo
5.6.7). |If lagers with narrow spectral widths are used and these modulation techniques are not,
adjustments to the loss budget muat be made for modal nolse (see 5.8.5). In some cases the (Ink BER
will not decreaso below & minimum value (knoyn as a BER floor) regardless of the optical power
delivered ta the racaiver.
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"4,2.8.2 Fliber optic transmitters. Fiber optic transmitters are available in many different
forms and with varying degrees of complexity. Transmitter forms include trensistor outliine (TO) cans,
singfe inline packages (SIPs), dual inline packages (DIPs), butterfly lesd packages, or small circuit
boards or boxes The transnlttcr output Interface may be either a fiber optic connector adapter or a
fibar optic plglﬂ||. if & Tiber optic connector adaptier {s used as the output Interfecs, an optics!
fiber may be used internal tc the transmitter package to iink the optical source to the output
connoctor adapter. Alternatively, the optical source may mount Into the output interface connector
adapter so that It launches directly into the fiber optic connector mating to the transmitter. For a
transsitter with an output fiber optic pigtal), the pigtail is typicelly a 250 un coated fiber within
& 1 on diapmeter buffer tube, or a 3 mm single fiber cable. Single fiber cable plqtails are more
rugged and are recommended over coated fibera in loose buffer tubey.

4.2.8.2.1 conatruction. The most basic transmitters contain’'e semiconductor source In a DIP

or a TO0 can. These transmitters may require separate circuitry In the system equipment to préperly
condltion the electrical signal that Is supplied to the transmitter. Other trensmitters are more .
complox and have the input interface clirculty and source drive circuitry within the package. Flber
optic transmitters for coaaunlicatlions eppllcations typically contaln interface circultry and source
drive circuitry as well as the scurce. Fibar optlc transamltters using laser dlodes require more
* compliex circuitry than trensaltters using LEDs. Simple lasers are available in TO cans, but generally

thess ara not used In communicetlons links. Lager transamltter psckagos generaliy contain APC circulty
to monitor and maintaln constant ieser output powsr and ere In tho form of a DIP. LED transmltters do
not usually contaln APC clrcuitry. Laser diode transmitter packages may also contein an integral TE
cooler, but generally the circuity to control the TE cooler is not contained within the transmitter
package and must be Included on the printed clrcuit board where the transmitter is mounted. Complete
(ager packages {boxes) are available which contain all of the circultry requlred to drive and control
the leaser.

4.2.8.2.2 TIrensmjtter attributes. The pricary attributea that deacribe fiber optic
transmitter performance are output power, center wavelength, spectral width and rise time,
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4.2.9 Fiber optic datectors and receivers. In & fiber optic-iink, the optical receiver

converts the transmitted optlicat sipnal into an electrical signal and, in some cases, removes some of
the distortion Introduced by the fiber optic link. A receiver normaily consists of an optical ’
interface (alther a connactor or fiber optic pigtail), an optical detector, a low noise emplifier, and
other circuitry to produce the output electrical signal {aee flgure 13). Fiber optic receivers are
available that provide electrical output compatible with the common loglic types inciuding TTL, ECL end
othera. Fiber optlc recelvers approved to MIL-H-24701/2 are available for use in data links with [ine
rates from 20 to 160 Megabsud.

. Eloctrical
Optical P Cpstical _—. Ampiifiar cquun ——

input Detactor — Fﬁgzziw Output

Y

Control

Circultry

Figure 13. agran of a 0 v
4.2.9.1 QOotlcat detector construction and performance characterjstics. Optical detectors can

be categorized Into two basic groups: positive.intrinsic-negative (PIN) diodes and avalenche
photodiodes (APDs). The primary differanceas batwaen the different daotector typas sre responsivity,
religbility, bies voltage and frequency response. Table V shows & comparison of the typical
pertormances of the different detector types.

TABLE V. atector 1 anceé CoRpAaris

Typical Detector/Recelver Parformance
Attribute PIN APD
858 no 1368 na 859 n@ . 1388 nm
Hateriel Silicon Germanium or Sillcon . Germanium or
It . InGaAs - inGaAs
“ Max imum -35 dim -40 dBm -56 dBm -45 dBp I
Sensitivity
I‘ wWavelength Range < 758 to < 1200 to < 750 to < 1200 to "
>566 am §660 nw > G006 nb 1686 nm
' Maxisum Bandwidth > 1 GHz > 1 GHz > 1 GHz > 1 GHz I
Temparature Hinimal Minimal Moderate Moderate |
Sansltivity
Bias Voltage s 5 to <15 V 5 to -15 V . > 188 V 36 to 100 V “
Lifotime 16*_hours 16" hours 16 hours 16* hours |

NOTE: Typical values are shown for comparison purposes only. Check with the manufacturera for exact
performance characteristics for system design purposes.
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4.2.9.1.1 PIN diodes. PIN diodes mra used as the dotector in most flber optic systems. The
aize of the active sroa of the diode can be optimized for the particular application. The fraquency
response of the diode dacreases as thao diode ective ares increases in size. For most epplications,
especially those with high bandwidth requiraments, the diode active area should be minlgized.
Howover, the diode active asrem should be as large as tha core slize of the link fiber. Typlcal PIN
dlodes have lifetimes In oxcess of 10" hours end 3 dB bandwldth in excesa of- 1 GHz. The sensitivity of
s PIN diode can be enhanced by combining it with & flald effect transistor (FET). These hybrid .
datectora are called PINFETs. Receivars utilizing PINFET detectors typically have greatar senaitivity
than they would if simple PIN diodos waro used.

4,2.9.1.2 Avalsnche photodiodes, APDs are genarally used es detectors in applications where
sansitivities are required that cennot be obtained with a PIN or PINFET. Silicon APDs typically
require biss voltages of over 100 volts, whiie gersmanium APDs require bias voltages up to a few tens
of voits. This necessitates the avallabllity of a high voltege source for the receiver, complicates
recoiver design and decreases thermal stablility. APDs have 1ifetimes on the order of 1@ hours end
bandwidth in excess of 1 GHz. APDs exhibit an Inverse relationship between gain and frequency
response. That is, the APD bandwidth is maximum whan the gain is at a minicun. 0 genara!, APDs have
e lower frequency respense than a PIN or PINFET. However, the responsivity of the APD is much greater
than that of either the PIN or the PINFET leading to receivers with much greater sensitivity thean
possible with PiNs or PINFETs.

4.2.9.2 lber optic ivargs. Flber optic receivers are also availlable in many different
forons end with varying degrees.of complexity. Receivers are availabie in TO cans, hybrid micrecircult
DIPs and butterfly lead peckages, or small circuit boards or boxes.

4.2,9.2.1 Conatructién. The most basic recelvers consist of a semlconductor dotector and an
esplifier In a TO can. These¢ receivers requlre separate circuitry in the systom equipment to
condition the output electrical signal and are for use In links with reletively low data rates. Other
receivers are more complex and also have the signal conditioning circuitry within the receiver
package. Some recelvers contain 1ink diegnestic circultry thet moniters the receiver input optical
power. The most complex receivers include the ampiifiaers, slgnal conditiening circuitry, ciock
recovery and link diagnostic c¢lrcultry within the package. The recaiver input optical Interface may
be eithar a fiber eptic connector adapter or a fibaer optic pigtail. The recelver Input optical
interface is similar to the transmitter optical interface. Se¢a 4.2.8.2 for information on the optical
Interface.

4.2.8,2.2 Receiver attrlbutes. The primary attributes that describe fiber optic receiver
performance are sensitivity, frequency response gpectral response renge, reliability and dynamic
range.

4.3 |Inter-eguipment connoctiens..

4.3.¢ uipme ernal physjcal interfaces. Equipment external physica! interfaces shall’
bo as specified in 4.3.1.1 and 4.3.1.2,

4.3.11 and-nlone eguipme Equipment extarnal physical interfaces for stand-alone
equipment shall be sither s haavy dutv HIL-C-28878 connactor or & Navy approved cable penotrator.
Cable penatratora inc¢lude ﬁtufflng tuhes and gultiple cable penotrators in no case shafi light duty
connectors be used as the equlipment external phyllcal interface. Figure 14 shows epproved stand-eione
equipment externatl physical Interfeces.

Equipment Equipment

Heavy Duty
Cab!e Pene}raror Connector

= —r = m—

[ L]

FIGURE 14. v 8 eg for atend alone & ment.
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4.3.1.2 Rack_mounte uipment. Equipment externa! physical -interfaces for rack mounted
equipment shall be either & heavy duty MIL-C-28876 connector or {ight duty MIL-C.B3522/16 connectors.
If tight duty connectors are used aa the equipment external physical interface, they shall be
protected within the equipment rack and the equipment rack shall have an external phyaical interface
as described in 4.3.1.1. Figure 15 shows epproved raeck mounted equipment external physical
interfaces. "

Equipment Rack . Equipment Rack
Light Duty Light Duty Heavy Duty
Connection Cable Penetrator Connection Connactor
) I 33 L —
FIGURE 135. v -mo d me ar hysice (] a8, N
4.3.2 frec er- men nter-rack connec 8. The most basic inter-equipaent or

inter-rack connection is a direct connaction (a single cabla botween the two equipments or racks).
Direct inter-equipment or direct inter-rack connactions shall ba usad only when link requirements
cannot be met if intermediate interconnection boxes asre used. |If direct inter-equipment or inter-rack
connactions are used, the heavy duty HMiL-C-28876 connector is recommended as the squipment or rack
extornal physical interface.

4.3.3 Fiber optic cable topology connections. The recommended epproach for Inter.equipment
or inter-rack connectiona is to use intermediate interconnection boxes with trunk and tccal cables
(for exesmple, the shipboerd fiber optic cable topafogy). Afll aystems shall be designed to have an
accoptable Yoss budget (sce 5.5) for shipboard implementations using two intermediate interconnection
boxes between equipments.

4.4 !ntra.equipment or |ntra-rack orgenizatign. Equipaent internal organization shall be es
specifled in 4.4.1 through 4.4.3, ”

4.4.1 Cab ol w mants or ks .

4.4.1.1 Genaral. Fiber paths within equipment or racks ghal! be established using single or
cultifiber cables. Buffered fibers shall not be routed within squipment except on circuit cerds (see
4.4.3). Fiber optic cables shal] be routed within equipment or racks using routing hangers or other
routing structures. The cable runs shall be routed so that they will not Interfere with maintenance
activities and do not excead the specified minimum bend digmoter, Cable runs shall be made with
sufficient cable length to allow for connector replacement or repair. Cable runs shall have ample
slack to parmit cpening and cleaing of doors-end sliding of drewers. All cables should be fastened at
appropriate points to prevent damage causod by excessive motlion, bending, chafing or pinching, at
hinges. Cables may be securad with grasshopper clips, velcro, RTV, adhesive or cablo tles if .
nocessary. If cabis tles are used, they shail be sdjustod so that the cable is loosaly hald (cable
ties that are over-tightened wiil damage the rlber.)

4.4,1.2 Cable routing from externa] stuffing tube phvsica] [nterfaces. Cables entering
squipments or recks through a stuffing tube shall not be routed throughout the equipment or rack to
areas rosots from the stuffing tube entrance. The length of cabies entering equipments or racks
through a stuffing tube shall be minimized insido of tho equipmaent or rack. (f cabling is required
reamots to the stuffing tube entrence, connactor patch panels or splice trays or holders shali be used
to provide tarminations batween the cabie entering the equipment through the stuffing tube and an
.internal equipment wiring harness cables. Resovable panels shall.be provided on the equipment near
tho stuffing: tube to provide access to the cable termination area for installation and maintenance
personnel. In no c#se shall equipment disassembly be roqulred to roterminste cables entering the
egquipment through a stuffing tube.

4.4.2 |nternal equipment or reck copnections.

4.4.2.1 Sipale ffber internal connections. Single fiber Internal equipment or equipment rack
connectlons shal!l use single fiber connectors in accordance with MIL-C-83522/16 or single fiber
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splices in accordanca with HIL-5-24623/4. Single fiber connectors shall be-mated using panel! mount
edapters mounted on patch panels or module frames or shal! directly mate with equipment transmitters
and receivers. Single flber splicea shall be mounted in splice troys (per MIL-$-24623/4) or splice
holders mounted within the equipment or the equipment reck. Single fiber connectors or splices shall

not be loosely placed inside equipment or equipment recks or held in place with cable ties or safety
wires. .

4.4.2.2 fultifiber internal connsctions. Connectors used for multifiber internal equipment
or equipment rack connections shall be spproved by the Fiber Optic Program Office. This applies to
card edge connectors, drawer connectors or module connectors. Internal equipment or aquipment rack
connections. may be made using hybrid connectors containing both alectrical and optical connoctions.
It hybrid connectors are used internal to the equipment or equipment rack, these also shall be
approved by the Fiber Optic Program Office.

4.4.3 Cgble or buffered fiber routing on circujt cords. Single fiber cables or buffered
fibers shal{ be routed on circuit cards using RTV, adhesives, routing fixtures end clamps., Al! single
fiber cables or buffered fibers shali be mounted to the circuit card at intervals not greater than 100
wn. The helght of any part of tho single fiber cables or buffered fibers from the circuit card shall
not oxceed the height of the taellest component on the circuit card. Buffarad fibérs shall not extand
beyond tha edgesa of the clrcuit card. Single fiber cables and buffared fibers shatl not be routed In
contact with circuit card components with external temperatures in excess of 85 degrees Celsius (*C).
Single fiber cables and buffered fibers shall not be routed with bend diameters less than 50 mm. Any
fiber exlting a circuit card ghafi be contained in a single fiber cable.

5. DETAILED REQUIREMENTS

5.1 Generpl. This section detaiis tho optical iink design process. The system communication
roquirenents and system physical configuration information are required in the optical link design
process, so those aspects of the system design must be complete before the link design process begins.
This section leads the optical link designer through the dasign process In an orderiy menner.
Throughout the process, the information and decisions that are required In order to compieta the
design are highlighted. Thie sectlon addresses those decisions invelved in the design of the optical
link incfuding the fiber tradeoffs, passlve component decisions, and optical-tao-electrical and
eloctrical-to-optical conversion components. This section does not, however, address the electrical
circult design necessary to support the electro-¢ptical components (for eoxemple, source drive
circuits, detector amplifiers, and so forth). The tradecffs gssociated with the use of difforent
components within the Iink are discussed in 5.2. An overview of tho link daesign process ia given in
5.3, detalling the system configuration and component performence information that the link designer
guat have available during the design process. - Detailed optical loss end bandwidth budgeting formulao
are glven In 5.4 and 5.5, 5.6, and 5.7, respectivaly. Adjustments that cen be made te the loss budget
ere discussed in'5.8. Reliability predictions for the standard Navy flber optic component types are
given In 5.9. Section 5.10 describes the fiber optic dosign Issues covered in the examples in
Agpandicas A and 3.

5.1.1" Maintainability considerations. The maintainablllity considerations herein shall be
consldered when designing the fiber optic link.

5.1.1.1 Repalrebjlity. Throughout the design process, the design engineer shall ensure that
optical components are accessible and repairable at the organization 'snd intermediate levels, Speclal
considaration should be given to those camponents located in equippent drawers and racks as follows:

a. Provide cable service repair loops or use Indirect cable routing to provide enough *
slack for et least two raconnections.

b. Allow enough slack In cabie routing so that minloua bend dlaaetors are not exceeded.

- Route cables to provide protection from sharp edges and moving joints.

5.1.1.2 Logistics. Stendardized componants, tools, and test equipment sha!l be specified
whon possible to reduce logistic support problems.

5.1.2 System spare snd redundant optica) oaths. System sparing end redundancy requireaents
shail be Consld'rﬁd by th. syate. dﬂslﬂn@r

§.2 Component sefectlon. There are saveral baslc component tradeoffa that must be consldered
during the optical ilnk design procesa. Component requirements and recommendations of component
sclectlons for different applications are discussed in 5,2.1 through §.2.12.

5.2.1 Optical tiber. Two standard fiber, types are evalleble for use, 62.5/125 un myltimode
and single mode fibar. The standard multimode fiber is recommended for use unless tho link data rate
requirements are beyond the bandwidth limits of wultimode links. For high data rate systems (data
retes beyond the limits of available LED sources) single mode fiber is recommanded. Optical fibers
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used in Navy tactical applications shall be in accordance with HIL-F-48291/6 and HIL-F-48281/7.
Multimode fibers used in Mavy nontactical applications shail be 62.5/125 pn fiber.

5.2.2 Fiber optic eable. All intercompartment fiber optic cable used in Navy tactical end
nontactical epplications and ail intracompartment flber optic cable used in Navy tactical applications
ghall be in accordance with MIL-C-85645. Intracompartment fiber optic ceble used in nontactical
applications may be cosmercial product. Commercial cebles used shall be of a breskout deaign and
sha!l meet the halogan content, smoke goneration, acid gas generation, and flame resistence
requirements defined in HIL-C-85045,

- 5.2.3 8ingle terminus connectors. Singie terminus connactors used in Navy tactical
applications shall be in accordence with MIL-C-83522/16, Single terminus connactors used In Mavy
nontactical applications may ba commerciel product. Commercial single terminus connectoera used shall
ba compatible with HIL-C-83522/16 end capable of being terminated using MiIL-C-83522/16 connector
termination kits. Use of the single terminus connectors within a given link or location shall be as
gpecified ln 5.2.18 and 5.2.11.

5.2.4 Multiterminus gonnectors. Hultiterminus connectors used as external equipasnt
connectors in Navy tactical applications shall bs in accordance with MIL-C-28876 end the supporting
spacification sheeta. Multiterminus connectors used intermal to equipment in Kavy tactical
applications, or in nontactical applications may be commercial product. The use of amultlterminus
connectors for external connections shall be in accordance with 5.2.10.

5.2.5 Splices. Singie fiber splices used in Navy tactical applications shall be in
accordance with M{L-S-24623/4, Single fiber splices used in Navy nontactical applications may be
comsmorcial product. Commerclul single fiber splices used shall be compatible with and capable of
being terminated using MIL-58.24623/4 splice torsination kits. The use of the splice within a given
iink or location shail be as specified in 5.2.18 and 5.2.1%.

5.2.6 Switch.” The fiber eptic switches used in Navy tactical epplications shal! be in
sccordance with MIL-5-24725. Fiber optic switches used in Navy nontactical epplications may be
commarcial product. .

5.2.7 goupler. The fiber optic couplers used in Navy tactical and non tactical appilcations
may bo commerciel product. Commercial couplern used shall be housed within protective anclosures or

aquipnen‘i:u. The coupler e:ternal intarfaces shaii be a !II‘IQIG fiber connectar aaupter mtarraces ar
gingle fiber cable pigteils,

5.2.8 |Interconnection hox. The nterconnacticn boxes used in Navy tactical and nontactical
appl ications shall be in accordance with MIL-1-24728.

5.2.9 JIrensmitter types snd features. .

5.2.9.1 JIrsnsmjssjon wave|ength. The standard Navy transmission wavelength is 1335 % 45 na.
All tactical date links shall operate in this wavelength range. MNontactical ]inks may operate In
other wavelength ranges, but general purpoaes test equipment for fiber optics may not be available
shipboard to support other wavelengths. Al!l links with data rates beyond 28 Mbps should use the
standard Navy transmission window.

5.2.9.2 Nultimode fiber |inks. Multimode systems with elther SLED or ELED trensmitters are
recommended for use aboard Mavy ships. In links thet are marginal in power or bandwidth, ELED
transmitters are recomsmended. In links where the transaitter will experience large temperatyfe
variations, SLED transmltters end constent power control circuitry is rocommended. The use of SLD
tranapitters Is not recommendod. I1f LED transsitters do not have sufficient data rates or cannot
provide s sufficient loass budget, laser transmitters pay be used. |f laser transmittors ‘are used the
laser FWHHM spectral width shall be greater than 16 nm,

§.2.8.3 Single mode flbor tinks. For single mode fiber links laser transmitters are
roconmendad. It Is also recosmmended that lagser transaitters have output power control circuitry. in
links where the transmitter wiil experlence large temperature variations, TE heaters eand coolers are
aiso recommended.

§.2.10 Eguipment connectiona.

§.2.19.1 Stand-alone eguipment. Heavy duty MIL.C-28876 connectors ere recommendad for stend-
alons equipment extarnal interfaces. Cable penotrations shall be used for equipment axtarnal
interfaces only when the use of the cable penetration provides performance or other benefits not
obtainable using a heavy duty connector interface.
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5.2.10.2 Rack mounted eguipment.

5.2.10.2.1 Eguipment connactions. Light duty MIL-C-83522/16 connectors are racommended for
rack wounted squipment optlcal interfsces. R

5.2.10.3 PRack connectiens. Either a heavy duty MIL-C-28876 connector or a cable penetration
shall be used for rack external fiber optic connections.

§.2.10.3.1 |Internal rack connectfons. When internal reck connections are required, light
duty MIL-C-83522/16 connactors are reconmended, Light duty MIL-5-24623/4 splices shall be used.for
intarnal rdck connactions only when link 1088 budgots are not eccepteble using a |ight duty connector.

5.2.11 able a atjons. Light duty MIL-C-83522/16 connectors are recommended for
all connections within Interconnection boxes for multimode fiber systems, Light duty MIL-S-24623/4
splices shal! be used within interconnection boxes for multimode fiber systems only when loss budgets
are not accepteble using tight duty connecters.

5§.2.12 PRecelver tvpes and features. Receivars using PIN diode or PINFET detectors are
recommended for all data links. Roceivers using APDs are not recommended., All receivers shall
contain link diagnostic clrcuitry. .

5.3 Link definition end deaign.

5.3.1 Goeneral. TYhis section details the system and cosponent information that is needed in
order to coaplete the link design. In soma coses the required information may be obtained directly
from the component manufacturers. In other cases the information may be calculnted or estimeted from
nanufacturer information or o related paraemeter. In those lnstances when calculations fram one
section ere required as input to another section, the appropriete section from which the Information
can be obteined is identified. |In those instances where the component information may not be
avaliable, guidancs on how to estimate the value of sach unknown parsmeter is provided or typicail
values are syggestad. The use of estimated values for most parameters is not recommended except in
the initial design proceas where the general feasibility of the link is being determined.

5.3.1.1 pesigon process. Fiber optic link design is e multistage process. Figure 16 is a
flow diagras of one spproach to the link design proceas. Figure 16 indlcetaes the information required
end the decisions to be made at oach stage of the design process. Other design procaesses in which
different initlal condltions are given and the decision process is rearranged may be required in some
cases. Regardless of the link daesign process used, it may be iterated numerous times to compara
different link designs end evaluate tradeoffs, This saction divides the information required into
groups, each group corresponding to 2 different aspact of the deslign and to e different section of

this document. |If specific evaluations are being made (such as the end-to-end loss budget), the
squations necessary to perform the evaluation can ba used individually.
5.3.2 Initisi {ink definition. Befors beginning the )ink deslgn process, tha following
system information must be determined: i
(a) The total link length {or the lengths of all the sectlions).
{b) The types and number of pasaive components in the link (for example, the nuamber of

connectors, aplices, switches and so forth, including any coomponents allowed for
repalr situations}. .

{c) The general layout of the llnk Including the order of compeonents and the distences .
between components,
(d) The link date rate, data format (manchester, 4B/58, end so forth.), end required BER.

After the Initial link information has been detaermined, the following cholicea must be made:

(8) Tha fiber type.
(b) The optlcal trensmitter central wavelength.
{c) The type of optical transmitter (ELED, SLED, laser).

26

1

Source:hhps#/asastﬁlaJnH -- Downloaded: 2016-12-31T21:29Z
Check the source to verify that this is the current version before use.




HIL-STD-2052A(SH)
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FIGURE 18. Fiber optic |ink deslon process.
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FIGURE 18. 0 8 cass - Continuad.

5.3.3 Deslan ovaluations.

5.3.3.1 pistortion. When the Initial link definition is coaplete, the cendidate design Is
evaluated to determine If eny distortion limitations exist. This is-accomplished through distortion

budgeting. In order to calculate the link distertion budget, the following information must be
obtained: :

(a) The zero dispersion wavelangth of the flber (EIA/TIA-455-168 or EIA\TIA-455-175) or
its nuamerlical aperture {(EIA-455-177) (see 5.4.3.4.3).

(b) The dispersion slopa at the fiber zero dispersion wavelength (EIA/TIA-455-168 or
EIA/TIA-455-175).

() Tha root mean square (RMS) or FWHM spectral width of the optical source/transmitter
(EVA/T1A-455-128 or EIA/TIA-455-127).

(d) The modal bandwidth of the cable or the ninimum apecified moda) bandwidth of the ceble
(EIA/TIA-455-30 or EIA/TIA-455-51) (oultimoda fibor only).

(e) The source/transaitter 10 to 96 percent rise time (EIA/TIA-526-4).

After the distortion budget is calculated, the fiber/cable exit bandwidth is compared to candidate
racoiver input bandwidth requirements and acceptable recelvers ara identifled, 1f the manufacturer’s

Source: https://assist.dla.mil -- Downloaded: 2016-12-31T21:29Z
Check the source to verify that this is the current version before use.




HIL-STD-2052A(SH)

receivar specifications are not known, the fiber/cable exit bandwidth can be evaluated using general
fiber optic design rules.

5.3.3.2 Loss. After the link design has been evaluaied for distortion limitations, it is
evaluated for optical power losa limitations. This is accomplishad through loss budgeting. In order
to calculate a link optical ioss budgaet, the following information must be obtained:

(a) The specified cable attenuatlon rate for e restricted launch condition (ELA/TIA-455-46
with EIA/TIA-455-50) at the nominal wavelength of operation. :

(b) Typlcal caeble transiant loss data for the overfilled launch (OFL) condition (see

. section 5.5.2.2.1} at the nominal wavelength of operation.

{c) The specified loss of each connector, splice, attenustor, or switch path in the link

for & restricted launch conditlon {EIA/TIA-455-34 Hethod B) et the nominal wavelength
of operation,

(d) The specified loss of each connector, splice, attenuator, or switch path in the link
for an OFL {sunch condition {(EIA/TIA-455-34 Hethod A) at the nominal wavelength of
oparation.

(e) The specified loss of each passive branching device path in tha link (EIA/TIA-455-180)
for both the restricted and OFL launch conditions at the nomina! wavalength of
operation. .

(f) The specified loss of any other component In the link for both the restricted and OFL .
launch conditions &t the nominal wavelength of operation.

{9} The specified average output powar of the source/transmitter.

{h} Thao typical coupled power retio (CPR) value of the source/transmittar (see appandix A}

NOTE: The cabled fiber attenuation and the cebled fiber transient less generally are not be the sama
as the pracabled bare fibar attenuation or the precabled f¢{ber transient loss.

NOTE: In this document the loss of & fiber optic component does not include the losses of the
connectors/aplices required to connect that component into the link. The connectors/splices used to
connect fiber optic componants into the link should be identified separately from the components that
they are connecting. .
In calculating the loss budget there are a numbar of correction terms which may be Included. To
calculate thess adjustments, the above Information must be supplemented with the calculated

fibar/cable exit bandwidth (see 5.4).

The Iink loss budget is calculated for the maximum loss situation and for the minimum loss situation’
(for epplications whera the active devices ere to be used with cable plants of different lengths or
complexities). Once the minimum end maxigum |ink loss budgets have been calculated, the power
available at the receiver can be comparad to the candidate raceivers' average sensitivities and
maxinum average input optical power levels at the desired BER and the link raceivar can be selected.

5.3.4 Link viability. At each stage of the design process there are numerous decisions to be
made which may affect the viability of tho link design. If, after the distortion and link loss budget
calculations are complete, no rTeceivers are found that will meet the iink requirements, the tink
designer should raeconsider earlier component decisions.

5.4 Distortion budgeting.

5.4,1 General. This section details the calculatlions for determining the fibar/cable exlIt
bendwidth as wel! as the total fiber optic link bandwidth. This information is compared to the fiber
optic raceiver input specifications or to optical |ink requirements to determine if distortion

limitetions exist. This information can also be used to calculate link loss budgat correction factors
for distortlon effocts (see 5.56.2 and 5.8.3). Only tha fiber optic transmitter, optical ¢able, end
fiber optic receiver are included in calculations for the total optical link bandwidth. The effects
of any other components on link bandwidth are negligible and, except for extreme cases, tend to
increase the measured bandwidth. (The discrete [Ink components filter out highar order modes In the
link, causing an increase in the measured bendwidth. Therefore, ignoring their effect is a
conservative approach.) Throughout thie etendard, ail references to component rise times rofer to the
16 to 96 percent risa time of the component when stimuleted with an input step function. The
bendwidth are spocifically referred to as either a -3 dB or -6 dB.bandwidth measured in the elactrical
domain. Relatlonships between commonly spacified parameters for each of tha components are identified
to help convert manufacturer's Information into the proper form. In each equation the units of each
variable are stated, 1f the menufacturer's information is in units other than those atated, the
inforpmation must be converted to the stated units before the equatien is used.

5.4.2 ber ic_trens ers, The'fiber optic transmitter diatortion Is generalily

spacified by the transmitter's 18 to 98 percent rise time. |f the transmitter distortion is specified
by the transmitter's -3 dB bandwidth, this bandwidth can be converted to a rise time assuming that the
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transmitter has an exponential time response. The rise time associated with the -3 dB bandwidth Is
givan by :

¢ = 0.35

. (1)
¢ Bwst-Bl B

where t, is the transmitter rise time (in seconds) and BW, is the transmitter bandwidth (in Hz). .

5.4.3 Optical cable. The optical fiber may cause distortion of the optical signal in two
ways. (n a multimode fiber each different mode has a slightly different group velocity, so that
ralative delays are introduced between difforent modes at the fiber output end. This type of
distortion, called sultimode or modal distortion, is characterized by the modal bandwidth of the
installed ceble. Modal distortion affects only multimode fibers. The other distortive effect
introduced by the fiber is caused by the rolative delays aexperienced botween different wavelengths of
light at the fibar exit end. This type of distortion arises from several factors end is called
chromatic dispersion. The chromatic dispersion {s dependent upon the actusl shepe of the fiber optic
treansmitter optical spectrum and the fiber's response to this spectrum. Chromatic dispersion affacts
both single mode and oultimode optical fibars.

5.4.3.1 Hodal djstortion (multimode fiberg only). The mods! bandwidth reported by the fiber
or cable manufacturer {EIA/TIA-455-30 or EIA/TIA-455-51} is defined as the -8 dB electrical bandwidth
(-3 dB optical bandwidth). Generelly, the inatalied cable modal bandwidth ie not measured. It may be

egtimated from tha cable manufacturer's normal ized modal bandwidth date or normalized modal bendwidth
mininun spacifications as

BW

J— me

BWoie = T (2)
<

where BW,.,, is the estimated cable modal bandwidth in hertz, 8W, is the normalized cable modal
bandwidth (-6 dB8, in Hz-km}, L, ie the installed cable length (in ka), and v is a length scaling
factor. For different cables vy ranges between 8.5 and 1.8 (the cable manufacturer may provide, upon
request, a rocoomended value of y for their ceble). 1f a value of v is not avallabie a value of 1.0

should be used for lengths greater than 1 km and a value of 6.5 should be used for lengths less than 1
ko,

5,4.3.2 Chromatic dispersion. Chromatic dispersion |s commonly divided Into two types: first
order chromatic dispersion and second order chromatic dispersion. At wavalengths far from the fiber
zero dispergion wavalength, A, first order chromatic dispersion effects dominate tha overall chromatic
dispersion. At wavalengths near ),, socond order chromatic disparsion effects dominate the overall
chromatic dispersion. Regardless of the system wavelength, both the first and second order chromatic
dispersion terms should be calculated to determine their effact on the overall link distartion.

5.4.3.2.1 Eirst order chromatic dispersjon. |1f the fiber optic trensmitter is assumed to
have e Gaussien spectrum, the first order chromatic dispersion impulse respongse is Gaussian (sea 6.3e

for more information) and the rise time, t,, (in aeconds). associated with flrst order chromatic
diapersion is gliven by

gy = 2.6 QDL . (3

where o, Is the fiber coptic trensmitter RMS spectral width (in nm), D Is the fiber disparsion at the
flber optic transmittar center wavelength {in s/nn-km), and L, Is the installed cable length (in km).

§.4.3.2.2 BSecond order chromatic dispersioen. |If the flber optic transmitter is assumed to
have a Gaussian spectrum, the second order chromatic dispersion impuise response is a modified

exponential end the rise time t, (in seconds) associeted with second order chromatic dlspersion, is
given by

3 .
€y 1.4 (S+2D/0) 07 L, )

whara ¢, is the fiber optic transmitter RMS spectral width (in nm), D is the fiber dispersion at the

fiber optic transmitter center waveiength (in s/nm-km}, L, is the Installed cable length, 8 is the

dispersion slope at the fiber optic transmitter centor wavelength (in s/nw'-km), end X, 18 the fibar
optic trensmitter center wavelength (in nm). Additional Information cen be found in 6.3d and e.
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5.4.3.3 Approximations. |If some of the information required to calculate the first order end
second order chropatic dispersion (in s/nm-km) is not known the following epproximations can be made.

The fiber dispersion and the dispersion slope (in s/nn'-km) at the fiber optic transmitter center
wavelength cen be calculated es foliows:

s Al '

D= =2 A -] == (s)
4 < |t A,
s At

c

whora 3, I8 the zero dispersion wavelength of the fibaer {in nm}, S is the disperaion slopo at the zero
dispersion wavelength (in s/ne®-km)}, and X, is the center wavelength of the flber optic transmitter (in
nm) .

5.4.3.3,1 Center wavelength., If the center wavelength of an LED transwmitter is not known, it
may be approximated using the FWHM center wavelength (in na) as follows -

A, = Am - 7Tnm (1)

where tha 7 nm shift is introduced to teke into account the non Gaussian shepe of the typical fiber
optic transmitter optical spectrum. For leser sources the center wavalength is approximately equal to
the FWHH center wavelength. Additional information can be found in 6.3f.

5.4.3.3.2 Source RMS spectral width. |f the source RMS spectral width is not known, it may

be approximated (assuming e Gaussian optical spectrum) using tho FWHH gpectral width (in nm) as
followsa: . *

PN
g, = 8)
A 2.4

5.4.3.3.3 Zero ersion wavelenath. For typical optical fibers (germania doped siliea), If

the zero diaspersion wavelength (in nm) of the fiber is not known, but the fiber numerical aperture is
known, the zero dispersion wavelangth may be estimated using the following ratation .

A, = 1221 + 426 NA (9)

where NA is the fiber numerical aperture. The fiber numerical eperture can be obtained from the fiber
sanufecturer or can be approximatad by using the speciflication velue for the fiber. If the dispersion
slope at the fiber zero dispersion wavelength Is not known a velue of 1.1 x 16'Y s/no’-km can be used
for multimode fibers and a valua of 6.7 x 16" s/nm* -km can be used for single-mode fibers. Additional
inforeation can be found in 8.3g. .

5.4.4 Fiber optic recejvers. The fiber optic receiver distortion is gensrally specified by
the raceiver 10 te 08 percent rise time. I(f the distortion Is specified by the -3 dB bandwidth, this
bandwidth can be converted to a rise time assuming that the recoiver has a raised cosine frequency
response. The rise time sssociated with the -3 dB bandwidth is given by

0.35

£ = ——— (10}
i BW:I-!I

whera t, is the fiber optic recelver rise time (in seconds) end BW,,, is the fiber optic raceiver -3 dB
bandwidth (in Hz). Additional information can be found in §.3d.

5.4.5 System rise time snd bandwidth. The fiber optic transmitter. receiver, fiber modal,
first order chromatic and satond order chromatic distortions are effectively independent. Therefore,
the RKS widths of the components' impulse responses may be added in a RMS fashion and converted to
bandwidth and rise time. I|f this is dona, the result gives the total optical link or system rise
tima. It is given by .
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1
1.9¢,.1\° 2 2
ep= (1.2 €)% v e g2+ eaz) L} 0:-85 1%, (0.94 ¢ )7 (11)
d ot ﬁ me!-ﬂ *
where t; is the total optical link or system rise time and the other variables are defined as before.
The totai gpticai iink or syatem -3 dB bandwidth is given by ’
1 .
- t 2 £ 2 2 2 22
BW, 4 = || —==] + ed! + __,_t'-"ﬂ N D S L __c" : (12}
=3 0.29 0.34 0.25 0.52 BW_ 0.36

wharae BW., is the total optical link or gsystem -3 dB bandwidth (in Mz) and the other veriebles are
defined as before. For single mode system calculations, remove the modal bandwidth term from each of
the above equations. Additional information can be found in 6.3d.

5.4.6 Flber/cable axit rise time and bandwidth. If the fiber/cable exit rise time, t,., or
bandwidth, BW,,, is being calculated, remove the term for the receiver from equations 11 and 12.

5.4.7 pAoblying the equationa. The ebove equations can be used in many ways. During initial
link design, theso equations can be used to conduct tradsoff analyses for different transmitter,
raceiver or fiber choices (see 5.3). If the link design utilizes a praeviously inatalled fibor optic
cable plent or previously cobtained fiber optic transmitters and receivera, the ebove equations can be
used to datermine the requirements for the undetermined components of the |ink, evaluate the

sujtability of any proposed |ink components, or evaluate the suitability of any component changes in
the (ink.

S$.4.7.1 Evaluation of the viabllity of ljnk gonstruction. Most fibar optic receiver
manyfacturers define a spacific maximum input rise time or a minimun Input bandwidth required for
proper receiver operation. 1In thig case, the sbove equations allow the calculstion of eithar
fiber/cable exit bandwidth or rise time to evaluate the viability of the particular |ink degign., If
the caicuiated Tiber/cabie exit bandwidth or rise time is not adequate for the system receiver, the
fiber optic transmitter central wavelength, spectra! width, or the link length (if possible} should be
chenged to sllow proper operatlon. Proper operation in some cases is accompanied by a requirement for
8 plightly higher input power level to the fiber optic receiver. This effective change in the flber
optic receiver sensitivity as a function of the fiber/cable exit rise time or bandwidth is referrad to
as the dispersion power penalty and is described in 5.8.2. :

§.4.7.2 Gene alines fo stortion. In thosa cases whera aither the detailed fiber
optic receiver Information is not known or the genaral use of a fiber optic link is being evaluated,
general diatortion design guidelinas based on classical communications theory csn be used to identify
bandwidth lipitetions. Using the Nyqulst criteria, the minimum channel -3 dB bandwidth must be at
least one-half the [ink baud. This fower {{mit for the iink -3 dB bandwidth doss not teke intc
account many errors which may be introduced in the link due to timing and phase distortions. A wmore
conservative approach is to require the totai opticai iink -3 dB bandwidth te be greater than 8.7 of
the {ink baud. That is

BiW,_y, 2 0.7 baud

(13)
2 0.7E bit rate

whare BWr.,, is the total optical Ilnk -3 dB bandwidth (in Hz) and the Iink baud is equal to tha bit
rete multipiled by the link's bit rete to baud conversion factor (£). The convarsion fectors for some
typical digita! coding formats are glven in table Vi, !f the above total optical link -3 dB bandwidth
is equally allocated batwean the fiber optic receiver and the rest of the link components, the minicun
-3 dB bandwidth (in Hz) for the fiber optic recelver and the minimum fiber/cable exit elactrical

oAb o mfiiao b
ndwidth are given oy

B = BW

r(-3) ext-y) = baud (14)
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Teble VI, i ¢ _to baud nversign fac

Digital Coding Format

m

NRZ (level, mark or space)
RZ

Manchesater
RZ-PPH {pulse position)
RZ-PDM {pulsa duration)
Biphase (leval, mark or spaca)
Hillar
KRZ Bipolar
RZ Bipolar
Bipoler AMI (alt mark inv)
| m8/nB

o= N W NN -

=2

5.5 Loss budget.

5.5.1. General. This section detalla methods for the calculation of a loss budget for e .
fiber optic tink. These methods allow a system designer to evaluate the tradeoffs between the system
length, number of connectors, cable {oss, and different transmitter and receiver combinations. The
purpose of o loss budget .is to ensure that sufficient optical power is delivered to the receiver over
the anticipated ife of tho system.

5.5.1.1 Basic lipks. The most basic fiber optic !ink is a point-to.-point link consisting of
a transmitter, a receiver, and gn interconnecting optical fiber. All fiber optic systems can be
broken down into sats of peint-te-point flber optle links. Figure 17 is a schematic diagram of &
point-to-point fiber optic tink. (The diagrem is generic in nature and is not intended to be & design
racommandation or represantative of any particular installed tink. It is intended to aid in
describing the loas budgeting process by showing common fiber optic components and their possible
configuration in a link.) Although individual point-to-point links are considered for analysis, the
overall fiber optic topology may contain branching devices such as splitters and switches. |If this is
the case, then every possible transmitter-to-receiver fiber path must be modaled as a point-to-point
link in the loss budget process. An optical tranamitter, receiver, multifiber cables, Jumper cables,
connectors, splices, and an "other passive devicae" comprise the system in figure 17. It is assunad
that the trensmitter optical output is located at a connector. Likewise, tho roceiver optical Input-
is assumed to ba located at a connector. The fink may include jusper cables for interconnection
purposes, such as interconnecting a trensmitter to a cable at a patch panal. There may be one or mera
multifiber cabies Including local cabies end trunk cables. The “other passive device® can represent
an optical switch, coupler/splitter, wavelength division aultiplexer (WDM)}, and so forth. The total
length of each multifiber cabla, the total length of the jumper cables, the total number of splices,
the total number of connectors, and the total numbar of “other passive devices” must be known in order
to determine the loss budget.

Jumper
Connectors Splices - Cable
" “ ‘* !‘r . Other “
Transmittar y O—{] O—o——-—0—0- (jrassie [ O——1 [ Recoiver
Device
"J:YJ L "r !.r:
FIGURE 17. Fiber ontlc system schematic.
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5.5.2 Component loss parameters. The manufacturers should provide attenuation values (dB/kam)
for any jumper cables and multifiber cables, loss values (dB} for the discrete componenta, the
transmitter output power (dBm), and the receiver sensitivity (dBm). The providad values should be
rapresentative of current production and should be measured in accordance with the military
specification for the component. The values may be elither worst cese values or the mean and standard
doviation of & large population of componants. .

5.5.2.1 Single-mode components. For single oode systems, the values of ceble attenuation
(EIA/TIA-455-78), interconnection device loss (EIA/TIA-455-34), and passive device loss (EIA/TIA-455.
180) should be provided, Values for the common Navy fiber optic companents &re given in table VII.

Table VI, 8 6 -mod om [:] 1988 as.
Loss value
Component
Maximua Hean Standard
Daviatioen

Cable (dB/km) 1.0 0.7 0.1

Light duty 1.8 0.65 0.1
connector (dB)

Heavy duty 1.8 6.85 6.1 |
connector (d8)

Splice a.s 8.25 6.1
{untuned) (dB)
Splice {tuned) .2 9.1 0.es5
L {dB) . :

5.5.2.2 Multimode components. For multimode systems cable attenuation values (EIA/TIA-455-46
with EIA/TIA-455-50) and typical ceble transient loss data (see sectlon 3.1.1 and 5.5.2.4) should be
provided. In addition, values for both restricted launch conditions (EIA/TIA-455-34 Method B for
interconnection devices, or EIA/TIA-455-188 for passive branching devices) and overfill launch
conditions (EIA/TIA-455-34 Mothod A for Interconnection devices, or EIA/TIA-455-180 tor passive
branching devices) should be provided for the passive components., Some values for the common navy
fiber optic components are given in table VIII. .

Teble VI, a multimode compone 088 ¥ 8.
Logs value
Component Stotistical (see Note 1)
Maximum
Ovarfill Restricted Standard
_mean mean Daviation
l Cabla (dB/km} 2.0 Nots 2 1.3 8.2
“ Light duty 1.6 .40 © 0.25 ’ 8.2
M| connoctor (dB) : - .
“ Heavy duty 1.8 0.60 €.40 08.15
connector (dB) -
|| Splice 8.6 ' e.3 6.2 0.1
{untuned) (dB)
" Splice (tuned) 8.2 e.65 6.65 6.65
; (dB)
“ Switch (dB) 9.8 6.6 0.4 8.1
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NOTE 1: The statistical numbers reported are preliminary estimatea. Final statistics
will be incorporated into future revisions of this stendard as they ere
availebla.

NOTE 2: Cable sttenuation values ere always reported for a restricted leunch
condition.

§.5.2.3 Hultimoda component loss dependencies. The loss of a component in & multimode link

is dependant upon the Mode Power Distribution (MPD) (EIA -82-3) of the source, the couponent's location
in the link, the types of components which precede it in the link, and tha component's own MPD
sensitivity. The loss values provided by component manufacturers do not account for these
dependencies. Furthermore, those dependencies are complex and not easily predictable. The procedures
outllined in this decument take thase dependencles into account and provide a means of predicting
multimode Jink loss performance.

5.5.2.4 Jrensient loss. If the link source substantially overfills the flber, the flber may
oxhibit a transient loss. A convenient way to handle this effect is to include a singla term in the
design equations to account for this additional loss. The term is called the transtent loss and is
represented by the letter T, Upon request, the cable manufacturer may provide typical or worst case

transient loss values for specific cable constructions. {f no transient loss information ls
avallable, the transient loss for the link can be estiaated using Figure 18. The upper curve in
Figure 18 represents typical worst case trangsient loss values. The lower curve in Figure 18 -

represents typical minimun transient loss values.

18 =

Tranchent Laad (43}
T

| catli

Figure 18. Typical Optical Cable Transient Loss

.
Langth (km)

5.5.3 Worst cese design. For the most conservative link loss design, a worst case design

should be performed using overfill (oss values for all of the passive componaents and the worst case
transiont loss of the cable For sipple links the use of the 6 cB aafety nargln (nee 5.5. 5) ylelda
ths aost conservative dasign. For complox )inks the use of the 3 4B safely margin with the caiculsted
environméntal margin yields the most conservativa design. The worst case method is based on tha snall
probability that the worst case component loss values for all |ink components has occurred

simultansously in a single link. In moat cases the worst cese approach will greatly overestimate the
total link loss.

5.5.4 Lsunch condition corrected design. The total less of & multimode fiber optic link is
best estimated by using 1oss values that are botween & restricted launch condition loss value and the
OFL loss value (Additional information can ba found in 6.3h.). The axact value of this loas number is
dopendent upon the mode volume axclited by the source, the complexity of the link and the effact of
sach compenent on the mode volume. This loss value is expressed asg,

Ly = Dytazsr ¥ Bllgory ~ Ltaen ! (15)

x x

whers Lian, is the componunt ovartill loas valua {in d8), Ly, is tha component restricted launch
condition loss value and K is a constent which ¢can have a value between 8 and 1. A K value of 1
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indicates that the light source tends to fill most of the fiber modes and is-typical of surface
omitting LEDs. A K value of 6.8 indicates that the source does not fil| seme of the fiber higher
order modes and is typical of some adge emitting LEDs. A K value of 0.0 Indicates that the sourca
only fills the lower order modes of the fiber and Is typical of lasers. The value of K that should be
used can be determined from table IX if the source CPR value is known, The source CPR value is
definod as the difference (in dB) between the total source power launched into the multimode fibar and
the powar launched inta the low order modes of the multimode fiber (see Appendix A). I|f the source
CPR vaiue is not known, a K value of { shouid be used.

Table 1X. Recommsnded valuaes of K. ' . N

Source “ Source CPR K Include
Wavaelength (nm} Valua (dB} Transiaent?
0 to 7.9 8.6 no
7.4 to 14.9 0.3 - no
850 h 14.1 to 21.0 0.6 no .
| I 21.1 to 25.8 0.8 yes ,
‘25.1 to 29.0 a8
O to 7.8 0.6 no
7.1 te 12.0 6.3 no ;
12.1 to 17.6 0.6 no
17.1 to 21.0 8.8 yas
21.1 to 25.6 18 1 yes |
5.5.5 Statistica) desijgn. The statistical loss budget method considers the probabilities of o

the worst case loss values for all link components occurring simultaneously in a single
transmitter-to-receiver iink., Each Iink component is modaled as @ normally distributed random
varieblo. The statistical {oss budget method should only be used for complex links. The total
passive componant.loss is equal to the summed mean component losses plus a multiple {X) of the RMS sum
of the components' standard deviations. The valus of X used can be correlated to the degree of
confidence that any transmitter-to-receiver section will operate properly. Table X indicates the
tevol of ¢confidence In a statistical design using specific multiples of the standard deviation. For
all Nevy applications a minimun value of 2 shall be used for X (a 2 sigma statistical design). 1f the
statistical budgeting method ia used, s calculated environmontal power margin shall be used.

TABLE X. Confldence lavels for statistical desians.

Value of X ) Confidance Level l
1 8.841 I
2 0.977
3 0.99% “

5.5.6 Loss budpst equetjon. For worst case design, the worst cese lioas value is used for the
cozmponent loss end a Zero is used for the component leoss standard devistion in the deaign equatlion for
each !ink componsnt. For statistical dssign, the mean (i} and standard devlaticn (s} of the loss
valuss are usod In the design equation for emch |ink component. |If statlstical values for a component

ara not available, then the worst case loss velues may be used for that component. The loss budget
equation is:

0P -P,-M-T-A4-u~1u. -2 (u +u) - N, = Ny, - Ny,
. ) {16)

2 2 2 2 2 2 2 1 F)

-X[o,‘, o +0f 4 (J._mcm__) + (lToc) + N O * NO +Nooo]

k1
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wherae: .
Py, or = The mean and stendard deviation of the transmitter output power (dBm). Aging
and temperature effects may be accounted for in the mean end stendard deviation.

P, on= The mean and standard deviation of the receiver sensitivity (dBm) required to
achieve the dogsired bit error rate or signal to noise ratio. Aging and temperature
effocts may be accounted for in the mean and standard deviation. {(In aome cases the
receiver sensitivity may be defined in terms of a worst case distorted input signal.

It this is tho case the dispersion powar penalty {(see 5.8.2) should not be included in
the loas budget equation). .

M = Safety margin (dB) for unexpected losses. For Navy non tactical applicetions a
vatus of 3 dB shall be used, For Havy tectical applications @ value of 3 d8 shall be
used if an environmental margin is soparately calculated (se¢e §.8). If an
oenvironmental margin is not separately calcufeted, a vaiug of 8 dB shall be used for
Navy tactical appiications.

e, o = The mean end standard deviation of the environmental margin (dB) for adverse
oparating conditions (see 5.8).

A = The sum of all of the adJustments {dB) to the link loss budget including power

penalties associated with specific system designs and the allowance for future

upgrading (higher bit rates or wavelength division muitiplexing) including additional

cenpenent losses as wall as any additional power penalties (see 5.8.1, 5.8.2, 5.8.4,
8.5, 5.8.6 and 5.8.7).

T = Transient loss (dB). This term atcounts for the higher fiber loss associsted with
the leunching of power into higher ordar modes by some |ink sources.

= The total jumper cable length (km).
MWxe. ¢x. = The mean end stendard deviation of the jumper cable attenuation (dB/km}.

Iy = The total multifiber cable length (km). This value may include en allowance far
cable repair or rearrangement.

Me, & © The mean and standard deviation of the multifibar cable attenuation (dB/km) at
the transmitter's nominal center wavelength. o should inciude en allowance for the
suppller's loss measurement uncertainty.

= Tha maximum diffaranca in tha maan cshla atta tion (in dB/km) from the

"
= s O anes - attan SRR

manufacturer's measured value over the transmlttar a center wavelength range. - {The
cable ettenuation will tend to be higher at one end of the transmitter central
wavelength spacification range than at the middle of the range.)

N, = The total number of connectors.

Megs = The mean and standard doviation of the connector loss (dB). For connectors
which will bo mated and demated repeatediy these valuaes should include the degradation
in 1oss expected over the |i1fétime of the connector.

, = The total number of splices.

N, = The totel number of "other peasive devices” of one typa.

Hy. G = The mean and standard deviation of the "other passive device” loss (dB). For
switchos which will aexparience repeated state changes these values should include the
degradation in loss aexpected over the lifetime of the ewitch.

in calcuteting the minimum |ink loss to evaluate possible receiver saturation, the same equation as
shown in equation (16) is used. Howevar, the receiver senslitivity, the safety pargin, transient loss,
adjustwents, the environmental margin and the standard daviations of these terms should not be
included, Additionally, the nultiple of the remaining standard deviations is added so that the
equatijon becomes
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P 2P -1 n_~-1(u)-Nu_ -Nu, -Np
Rmax T e JT T [ o Qo 55 oo
) 1 (17}
- 2 2 2 2 2 2|32
X[o + (1o )+ (1,0) N. Oy * NG + NGO,

where all of the variables are defined as in equation (18).

§.5.7 Statistical assumptions. |If the statistical design method ia used, the following
assumptions are inherent in equation 16:

a. All splice losses ars uncorrslated with fiber losses,

b. The averages and standard deviations are represantative of the products over time and
sample sizes are sufficient to warrant the use of Gaussien statistical theory.

c. The product distributions are reasonably Gaussian in shape. That is, they are not

geveraely truncated, skewod, and do not have large kurtosis (thicker than Gaussian at
the extremes). For links with more than a few alementa, the link losa probability
distribution wlll approach Gaussien regardiess of the shapo of the product loss
probability distributions.

5.6 virenme l/ther ons jde lons. In genarai, the link loss budget is affacted by
the environments that gach of the components is subject to. These environments may Include extreme
conditions of temparature, banding, shock, vibration, or radiation. Other environments may be present
in spaeclific applications,

5.6.1 Standard anvironments. Degradations that cen be expected of the Navy standard
componants in a worst case Navy environmental scenario (excluding radiation) are listed in table X}|.
Fiber optic trensmitters and receivers are not listed because their performance spocifications shouid
be stated for all conditions. |If the link design is to account for radiatlion, ses 5.6.2. Thae effects
of adverse environments on the link passive components can be incorporated into the link loss budget
by including the mean or maximum induced degradation of each component for each environment in {4 and
ingluding the standard deviation of that degradation in o (see equation 18).

5.6.2 Nuclear radiation. The presence of nuclear radiation may cause tha total link loss to
increase. This is due to the increase in the fiber attenuation rate (fiber darkening) and the
increase in the loss of any lenses present in the fiber optic link, The amount of tha ettenuation or
loss increase in the fiber or lenses is dependent upon the total dose of radiation received, the dose

rata af tha avnasura and tha tamnaratura af tha ramnanant Dadliatian alasa affasta ¢tha link arstiva
818 &7 Tnd GXPOSUraG, ONU TNe LODReTaturs ©F nd CORPONGNnT. #OG 4TI0N G660 QT78CIs tnNd +iNX aCL:iVe

components by reducing transamitter output power end decreasing receiver sensitivity. In those links.
whore radfation (s expected, the trensmitters and receivers should be protected from the radiation so
that only passive components ere affected. If radiation is a considerstion in the design of a
particular |ink, the Fiber Optic Progrem Qffice should be contacted to determine the appropriate way
to include the effects of radiation in the link loss budget.

TABLE XI. Compopent envirenments aqradation fe rs.

Environmental Deratling Factor (dB) .

Fibar Optic¢c Component Multimode . Single mode

Hean Slgma Maan Slgma

Cable 41.35 0.45 1.35 0.45

Light Duty Connector 8.25 .68 Note 1 Note 1

Heavy Duty Connector 0.25 .68 Note 1 Note 1

Splice 8.18 9.85 - R 8.65

Switch .35 0.12 . Note 1 Note 1

Note 1 Valuge for thesa compenente are net avallshle, Contact the NAVSEA Flber Optic
Program Office for recommended values.
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5.6.3 Total environmental marqin. The mean and standard deviation of the total environmental
margin are given by:

B = 1o v 1a. + Negt, + N + Ny,
1 {18)

21 2q 247 252 2 2 2|2
Uz'[lac Oy *1,0. +NegOgg *N Oy +Ncac’a]

where:
l,e = Tha total jumpar cable langth (km).

Ux, Ox: = The mean end standard deviation of the environmentally Induced jumper ceble
attanuation (dB/km).

I; = The total multifiber cable length (km). This value may include an allowance for
cable repair or rearrsngement.

Ue. o = The mean and standard deviation of the environmentally induced multifiber
cablo attenuation (dB/km) at the transmitter’'s nominal centar wavelength. N

. Mg = The total numbar of connectors.

Mes. O = The mean and standard deviation of the anvironmentally induced connector loss
(dB) .

N, = The total number of splices.

Uy, o = The mesn and standard deviation of the environmentelly induced splice loss
(dB) .

N, = The total number of “other passive devices® of one type.

Us. o = The mean end atandard daviation of the environmentally induced “other passive
davico” loss (dB).

5.7 Aging. In general, the excess power margin of a fiber optic link decreasas as the
components within that link age. Most of this Is due to the effects of aging on the link active
components and has already been taken Into sccount in the values-used in the link loss budget in 5.5.
If the affects of aging on the transmitter and receiver are not accounted for in the values used in
the link 10%s budget and are not known, they shall bo epproximated by derating the meen or worst case
source output power and the mean or worst case receiver sensitivity by the emount shown in table XII.
The valuss shown are used as the failure definitions for ective devicas in the determination of those
dovice mean times .before failure (HTBF). For the .1ink passive components, aging is not generally
considaered to affect their optical performance {except for catastrophic failures). Exceptions to this
are the insertion loss of connectors and switches that are expected to see repeated matings end
dematings or repested state changes during thair lifetime, The mean or maxioum loss increase over the
lifetime of those components shall be obtalned from the component manufacturer and included in the
mean or maximum loss value used in the loss budget (see 5.5.6).

TABLE XI1I. devl]ce derati ors.
[ ——
Act!lve Device Derating Factor (dB)
LED/Transmitter - 1.5
Laser/Transnitter - 1.5
{with conatant current)
Laser/Transmitter 0.0
{(with constent power feedback loop}
Datector /Receiver . __+1.0
5.6 Adjustmants to the loss budgat. . The total adjustment to the link loss budget Is the sum

of the individual edjustments calculated in 5.8.1 through 5.8.7. Sections 5.8.1 through 5.8.7 list
and explaln various adjustments which say be made to B link loss budget to account for degradations
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that way cccur in fibar optic |inks due to component interactions and future changes to the link
configuration. Future changes may include such items as change of operating wavelength, conversion to
WOM or duplex operation., |t ia straightforward to calculata the effect of these changes on the loss
budget. Other adjustments for various link degradations (for exemple. dispersion, jitter, modal
noise) are mora difficult to essess. Some may be determined by means of complex calculations: others
are merely rules of thumb obtained from experienced system designers. For each link degredation
adjustment, the following information is provided:

a. The common terms for the degradation (i¥ appiicabiej.
b. A brief discussion of its causes.
¢

How to determine whother the edjustment is applicable for the design under
congideration.

d. How to dotermine its effect on the loss budget.
5.8.1 Growth and future unknowns. Optical fibar systems are often upgradad during the

lifetime of the ship to provide more inforwation capacity than ‘the requirements of the initial-
installations. Typically, upgrades consist of either & change in operating wavelength, an increase in

the transmission bit rate or the use of WDN techniques. |If upgraedes are plenned or can be pradicted,
distortion budgets and loss budgets shall be calculated for each planned upgrada. Loss budgets shall
be calculated as described in 5.5.8 for aach wavelength planned and shall inciude any additional

components to be added In the 1ink (such as WDM couplers) and the disperslon power penalty for that
wavelength and transmissfon bit rate, For upgrades which involve the use of WOM technigues, the
additlonal adjustments described in 5.8.7 shall also be included.

5.8.2 ers owe ana There are a numbaer of power ponalties related to temporal
distortion. In this document, .the dispersion power penalty is dafined as the power penalty arising
from intersymbol interference problems generated by temporal distortion and dispersion related pulse
broadening. This power pennlty does not need to be included in the adjustments to the link loss
budget if the receiver sensitlvity is defined for a worst c¢ese distorted signal (for exemple, as for
FOD! complient receivers). Because of the fiber's finite bandwidth, higher modulation frequencies are
attenuated more than lower froquenciea, leading to en effective raduction of power at the receiver.
This power penalty can be thought of ms the additional powar needed to be |eunchaed by the trensmitter
to compensate for the reduction of power within each bit period due to distortion gffects within the
link. The dispersion powsr penalty can be expressed as ten times the logaritho of the system
frequancy response evajuated at a criticai frequancy. A conservatiive spproach is te define the
critical frequency equal to 6.7 times the baud. |f the total link response Iis assumed to be Gaussian,

this beccmes N
baud 19)
W . (

PD = 0.74
B T(-3}

where P, is the dispersion power penalty (in dB), baud is the link baud (in symbols per second) and
BWr.y i3 the total 1ink bandwidth {in Hz) (see 5.4). Additional information on the dispersion power
penalty is found in 6.3i and j. |If the link trensmitters and recalvers are available the disparsion
powar penalty can be measured using EIA/TIA-526-10.

5.8.3 ar ion noisa pena . The mode partition noisa.(MPN) penalty is a dispersion
related noise penality which arises from the use of multilongitudinal mode lasers as fiber optic link
sources. MPN In oultilongitudinal lesers (the time varying distrlbution of power among the laser
longitudinal modes) coupled with the flber chromatic disperasion reduces the signal to noise ratio
(SNR) at the link receiver. In multimode flber optic links, HPN alsc produces tlme varying connection
losses end results in Incressed medal noise (see 5.8.7). As long as LEDs or lasers with many
longitudinal modes are used in 8 multimode flber optic link, KPN doos not need to be considered. In
single mode links and multimode 1inks using lasers with only a fow longitudinal modes, the MPN penalty

can be calculated fron )
baud
p_=0.5
o IBW&-!—nr (29)

L 1

whare baud refers to link baud {In bits per sacond) and BW,.,, I8 the source/fiber exit bandwidth {in
Hz). Additional information on mode partition noise ¢an be found in. 8.3i, k, | and m.

5.8.4 Single reflection power penalty. Another nolise penalty that arises when lasers are
used as fiber optic |Ink sources is the single refléction (optical feedback noise) power penalty. The
length of fiber between the laser and the first point of reflection acts a3 an (poor) external cavity.
The power reflacted back into the laser from this external cavity disturbs the laser‘s internal
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oscillation. The properties of this external cavity are time varying due to mechanical and
envlronmental variations around the cavity., Beceuse of the time variationa of the external cavity
properties, the laser cannot lock onto & mode of the external cevity and the laser ouipul becomes
noisy., Thae single raflection {SR) power penalty is dependent upon the particular design and
construction of the laser used. The laser manufacturer should provide a value of the SR power penalty
as a function of the return loss of the first raflection. If the link transmitters are avaiieble the
SR power penalty can be mesgsured using EIA/TIA-526-11.

5.8.5 Modal nolise penafty. An additional noise penalty that occurs when lasers are used es
optical sources in multimode 1inks is the modal noise power penalty. Modal noise is generated when
coherent 1ight is Isunchad into @ multimode optical fiber and is charscterized by s speckle pattern at
the exit face of the fiber. This speckle pattern is the result of the random interference of the many
diffarent propagation modes in the fiber. HPN or changes in the source wavelength, as wall as any
mechanlcal or environmental varistions around tha fiber, ¢ausa changag in the speckle pattern. At
each Interfaca. the spockle pattern is dependent upon the distribution of constructive or destructive
intarferance in the various wodes. Since connector and splice insertion Joss and couplar splitting
ratios are affected by the mode powar distribution, the component's loss may vary in time. Modal
noiso is avoided in multimode fiber optic links if the leser used has many longitudinal modes or is
made relatively incoherent (see 6.3m). The laser coherence can be destroyaed by pulsing the (aser at a
ropetition rate much in excess of the iink beud (for example, dithering the laser as done in self-
pulsating lasers). When lasers with only a8 few longitudinal modes ere used with multimode fiber the .
modal noise power ponalty is not predictable. Vaiues of the modal noise power penalty may be as high
as several! dB depending upon the system design and the particular laser used. Hodal noise is not a
problem In singlo mode fiber optic links as long as connectors and splices with fosses less than 1 dB
are used. !n some cases the modal noise power penalty will be infinite (for oxampie, the link will
exparience & BER floor): no smount of additional power wili decrease the (ink BER. Additionat
information on modal noise can be found in 6.3h, p 8nd q.

5.8.6 Jjtter power penaity. Previous sections have considered noise onily with respect to
signal emplitude. The reletive saoplitude of such noise is expressed by the SNR. This section
discusses jitter which concerns a noise-}ike property of signal phasing or timing. Jitter is defined
as the short-tere noncumulative varistions of the significent instents of a digital signal from their -
ideal positions in time. Generally, the significant instants refer to that portion of the digitsl
waveforn ysad for timing. Jitter is manifested in a digital signal es the reduction of the eye width
in 8 eye pattern dlagram due to the temporal spreading of the transition region for beth the leading
and trailing edge of the puises (see Figure 18}).

=== Jitter

Flgure 18. 8 Pattern.

The jitter in e link s a function of the SNR and is usually eccompanied by en increase in the link
BER. Typically, the Increass in the BER can be offset by Increasing the power available at the
recaiver by some anaunt referred to as tha jitter power penalty. The affact of jitter on syetem
perforeance depends on the application as well as the deaign and performance of the electronic
componants after the jink raceiver., For spplications in which repeaters are not used, jltter is
generally not an i{ssue in (ink design. in many caeses the spectre! content of the }litter is just es
important as the magnitude of the jitter. For example, when post-receiver components with low-pass
frequency responses are used, these components will be relatively [(nsensitive to higher frequency
jitter components. Typicailily, jitter specifications cover a spacitied frequency range and test
procedures include fifters to limlt the spectral content of the moasured jitter., Jitter is divided
into two types. deterministic and random.

5.8.8.1 Deterministic jitter. Deterministic jitter is the component of jitter that is
corralated with a device transfer parameter and includes duty cycle distortion and pattern dependent
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jitter. The magnitude of pattern dependent jitter is a function of the data pattern omployed to
measure it. In practice, pattern dependent jitter measurements include both pattern dependent jitter
end duty cycle distortion, and represent the total deterministic jitter.

5.6.6.2 Random jitter. Rendom jitter is defined as that component of jitter that is
uncorraelated with any component of the affected signal or device trensfer parameters. Random jitter
is generated when a noise conteminated, bandwidth-limited signal is processed by a threshold device.
Each component of the link contributes to random jitter either directly by increasing the noise of the
signal or indirectly by further bendwidth-limiting the signal.

5.8.8.3 Total iitter. The total output jitter in the link is a function of the input jitter
in the electrical signal driving the trensmitter end the jitter introduced by the transmitter, the
fiber, tho receiver, and the cleck recovery moduie, Each component introduces both random and
deterministic jitter except for the fiber, which only directly introduces deterministic jitter (the
fiber contributes to the random jitter by decreasing the |ink bandwidth). The transmitter contributes
to the rendom jitter because of noise presaent within the trensamitter that modulates the digital signal
timing. It contributes to the daterministic Jitter in the form of pattern dependent jitter. The
trensmitter's contribution to both the rendom and deterministic¢ jitter in the link is usually smali.
The optical fiber contributes to deterministic jitter in the form of date dependant jitter due to its
degrading of the signal bandwidth., The optica! receiver contributes to the rendom jitter by
Increasing tha noise level on the signal end deterministic Jitter in the form of data dependent
Jjitter, The total deterministic jltter of the link is the algebraic sum of the conatltuent
components’ daterministic jltters. The total random jitter of the link Ils the RMS sum of the
constituent components' random jitter. The worst case total jitter of the link is calculated by
algabraically summing the total deterministic jitter with the total random jitter.

5.8.6.4 Jitter buggag.' A jitter budget may be performed to evaluate the jitter perforamance
of a fiber optic link. Typically, the total output jitter from the receiver is comparad to the

maximum input jitter requirement for the clock recovery modula. The total deterministic jitter (in
seconds) is

D.IT'-DJm+DJ’ﬂ+Nf+NM (21)

whare DJ,, is the input determinlistic Jitter to the transmitter (In saconds), DJy is the transmitter
deterministic jitter (in seconds), DJ, is the fibar deterministic jitter (in seconds), and DJ is the
roce iver deterministic jitter (in seconds). The total random jitter (in seconds) is

1
- 2 2 2|7 {(22)
MT-[RJm + RT./ +RJH] .

whore RJ,, is the input random jitter to the transmitter (in seconds}, RJy is the transmitter random
jitter (in seconds)}, and RJy is the recelver rendom jitter (in seconds). The jitters of the Input
signal to the transmitter are obtained from the manufactursr of the component or equipment generating
that signal. In most cases the input jitter can be pssumed to be naegligible. The jitters introduced
by the transmitter end recelver are obtained from the transmitter and receiver manufacturer. If these
valuas are not availeblas they can be measured using EIA/TIA-526-16, EIA/TIA-5268/17 and EIA/TIA-528-18.
The value of the daeterministlc ]Jitter of the fiber can be datermined from the input end output rise
times of the fiber by comparing defined best case and worst case data patterna. An expeonential
impuise response is assumed at the Input to the fiber and a gaussisn impulse response is assumed at
the output of the flber. In this document the beat case data pattern was considered to be one "on" "
state followed by en "off" state end the worst case data pattern was assumaed to be three consecutive
*on® states followad by an “off" state. The determiniatic jitter of the fiber (in seconds) is then
given by '

bJ, = Bt - At (23)

whero t, is the source rise time (in seconds), t,, is thae source/flber exlt rise time (in seconds), &nd
the deterministic jitter constants A end B are glven by table X!1!. (To determine tha constant B, use
tho fibar/cable exlt rise time to baud period retio. For A, use the source rise time to baud peried
ratlo.) |If more than three consscutive “on" etates are considered in a link’'s data format the
constants A and B will be slightly differont. The total output jitter, J; (in seconds}, then ls given
by .

J, = DJ, + RJ, (24)
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5.8.6.5 Haximum_inpu ter uirement. In general, the clock racovery module
specification will include a maximum input ]itter requirement. The total jitter out of the receiver
should be less than the maximum input jltter requirement of the clock recovery module, |f the total

output jitter from the receiver is greater than the maximum sllowed for thae clock recovery module, the
raceiver manufacturer should be contacted to determine the tradeoffs batween recelver sensitivity end
receiver jittar. The jittar budget can be recslculeted for the differing values of receiver jitter
(corresponding to different receiver sensitivities) until the clock recovery input requirement is met.
Tha jitter power penalty is the difference in the initial and final values of the receiver
sansitivity. |If the input jitter specification for the clock recovery module ia not known, the total
output jitter from the receiver shall be less than 76 parcent of the baud period. If calculations
datermine that the tota! output jitter from the receiver is more than 7¢& parcent of the baud period,
the designer should selact a diffarent transmitter or receiver with improved rise time or Jitter
spacifications. Additional information on jitter can ba found in 6.3r.

TABLE Xity, Eiber er ic i r_constants
Risg time to Baud Period Deterministic Jitter Constant
Ratio
A 8
< §5.35 6.6861 G.886
0.40 0.062 0,601
0.45 0.0683 0.0801
0.50 0.006 0.001
B.585 0.088 4.001
6.60 0.812 09.662
0.65 89.015 0.695 l
=
6.70 6.01p 8.011 - A |
5.8.7 Other power penalties. In flbaer optic systems other powar penalties may exist, but in

goneral ere not significant. The exceptionas to this are penaities due to crosstalk from WOM couplers
In WDH [inks and to back-reflections from the transmitter to the-receiver in bidirectional systems.
In link designs that are bidirectional or where WDM techniques are baing used, a loas budget for the
crosstalk channel shall be calculated to verity that the power leval of the crosstalk channei at the
detector/recaiver is well below the detector/receiver sensitivity.

5.9 Component relisbjlity calcuintions. This section establishes uniform pradictions for the
raeliability of Navy fiber optlc coaponants. The Intant aof this section fs to augment MIL-HDBK-217 In.

the area of fibaer optic compeonent ralimbility calculations. Two of the derating factors used are
ganerally applicabte for all of the components. The temperature derating factor, n;, for each
component is given by

{92 = 198}
n.=1.6 10 ° {25)

where T2 is the expected operating temperature in Kelvin (the temperature in Celsius plus 273
dogrees). The quality dereting factor, m, for each component is glven in teble XIV,
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TABLE XIV. Ffiber optic compone ual | actors. .
Type of Component T
Listed on Quelified Parts List or first article ’ 1.0
tosted
Manufactured to specificetion, but untestad 1.5
Commercial, high quality 2.0
Commercial, agg[ggf_suallty 4.0

5.9.1 Optica] cable. The optical cable failure rate model is given by
A, = A, Xmp, Xm, X )

where: A = Fiber optic cable failure rate
" M = Buffered optical fiber, fiber within en OFCC or m fiber within a sultifiber cable
basa

failure rate (see table XV}
n, = Environmental derating factor (see table XVI)
m = Temperature derating factor
n, = Number of flbers in the cable

n, = GQuality factor

TABLE XV. FEiber optic component base failure rates.

Component » (Failures/18* hours)
Buffered optical fiber 5.85
Fibar Within OFCC 1.09
Fiber Within Hultifiber Cable 0.282
Light Duty Connecter 8,412
Heavy Duty Connector 06.080
___?ingla Fiber Splice 8.637
TABLE XV!. Optical cable environmental derati factors.
Environment g J
I Naval Surface Ship Unsheitered : 13 -~ l
I Navai Surface Shlp Sheitsred 5.3
Naval Submarine 4.1
5.8.2 Ljight duty single torminus cgﬁnacgg:g. The light duty single terminus connector

failure rate oodel is given by

J\p = A (n  Xm, X, X no)

Light duty single terminus connactor failure rate

Single terminus connector base failure rate (see table XV)
Environmental dersting factor (bee table XVII)
Temparature derating factor

wherae:

Honnn

AR X
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1, = Hating/unmating derating tactor (see table XVILL) .
m, = Quality factor

TABLE XVII. Light duty connector environmental dersting factors.

" __Environment i
" Naval Surface Ship Unsheltered 13
” i Naval Surfece Ship Shaltered - 5.3
Naval Submarine 4.1
TABLE XVII). Matino/unmatine derating factors.
Mating/Unaating Cycles Tig
(per 1808 hours)
8 - 8.65 1‘.3 -
>0.65 - 0.5 1.5
9.5 - 5 2.6 ”
»5 - 568 3.6 ’
>58 - 4.0 —

5.8.3 Heavy duty multiterminus connectors. The hasvy duty multiterminus connectar faillure

rate model is given by
)\p = A {n, X m_ X nKanXno)

Heavy duty multiterminus connector fallure rate

whara: A =

X = Single connection base failure rate (see table XV)

ne = Environmental derating factor (see table XIX)

ny = Temperature derating factor

e = Mating/unmating derating factor (see table XX)

n, = Numbar of active termini in the connector (see table 001)

n, = Quality factor

TABLE XIX. duty connector environmental de actorsa.
Environment g

Naval Surface Ship Unsheltered 13
L Naval Surface Ship Sheltered 5.3
|L Nava| Submarine 4.1
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TABLE XX. Heavy duty conpector mating/unmatipng dersting factors.
Hating/Unmpating Cycles Tix
{per 16068 hours)
0 - 8.65 1.0
>0.85 - 6.5 i 1.5
>8.5 - 5 2.8
>5 - 50 3.0
>50 _ — 4.0
TABLE XX|. Number of active termi derati factor.
Number of Actige Termini T,
1 ’ 1.60
2 1.386
3 1.55
4 1.72
5 1.87
& 2.02
7 2.18
— B — _ 2.306
5.8.4 Light duty single fibar splijces. The light duty singie fiber aspiice Tailure rate model
is given by
.\\p = A {m X, Xy
where: A = Light duty single fiber spliice failure rata
X = Single fiber splice base failure rate (see table XV)
m = Environmental derating factor (see table XXII)
m = Temperature derating factor
ng = Quality factor .
TABLE XXi1. d splice env menta| derating factors.
Il Environment . TIp ﬁ
u Nava| Surface Ship Unsheltered 9.8
| Naval Surfece Ship Shalteared 4.4
Naval| Submarine . . 3.5 .

5.8.5 Dptica}l switches. The opticsl switch feliure rate model is given by
)\p = J\h(nEanXnKchXno)

wharo: A = Optical switch failure rate
A, = Optical switch base failure rate (see tabie XXIi1)
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Environmental derating factor (see table XXIV)

n. =
ny = Température derating factor
n, = Numbar of switch states {sea table XXV)
e = Qual ity factor
TABLE XXIt1. Optical switeh bage failure rate.
Switching Hechanism Fa
Electro-optic, Moving Fiber Q.431
Elactro-optic, Moving Mirror . 8.321
Solid State 9.100
TABLE XXIV. Optical switch environm | derating factors.
Environment "
Naval Surface Ship Unsheltered 13
Naval Surface Ship Sheltered 5.3
{ Ndval Submarine . 4.1
TABLE XXV. umber of switc [} ati a r.
— ——————
Number of switch states m
2 1.0

5.10 ar o m design examples. Appendices B and C contein fiber optic systenm
design examples that ililuatrate the proper epplication of the equations presented herein. Table XXV|
shows the topics covered in each examplae.

TABLE XxVI. Topics covered in fiber optic desion examples.
Topic Appendix B Appendix €
Example 1 Examplie 2 Exampls 1
Hatwork Topoloov SAFENET SAFENET SAFENET
Hultimode or Single Mode Multimoda Hultint;de Single Hode
Source Type SLED ELED Laser .,
Loss Budget Eguation wWorst Case Statistical worst Case
Calculate Environmental Margin No Yas Yes
Yoo

var L Yas No

Aging Included in Transmitter/Recel
Speciftications
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6. NOTES

(This section contains information of a general or explanatory nature that may be helpful, but is not
mandatory.)

6.1 Intended use. The design requirements contained in this standard are intended to be used
for all applicable systems, to ensure syatem operability when fielded, interoperability betwaen

systems designed by different organizations, end proper operation when connected to the fiber optic
cabie topoliogy.

.2 ' igsue of PODISS. When this standard s used in acquisition, the applicable issue éf the
DODISS must be cited in the solicitation (see 2.1.1 &nd 2.2).

6.3 References., The following references may be used to obtain additional information on
different aspects of componant performances end system design. These documents are normally available
from the organizations that prepare or distribute the documents. These documents also may be
available in or through libraries or other informational services,.

a. Schwartz, M.l. and M.J. Buckler, “The Choice of Rafractive Index Differance for
Multimode Fibers Operatad at 1.3 Microns", Proceedings |nternstionsl Conference on
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6.4 Subjec erm_(key word) listing.

Adjustments te link loss budget
Bandwidth

Cable

Cabla topology

Compenent reliebility calculations

rammartars
LUNNULLOrsS

Couplers

Exit bandwidth
. Inter-equipment connections
Interconnection boxes
Intra-equipment organization
Link loss budget

Leoss budget

Cptical fiber

Receivers

Splices

Switches

Transmitters

Havelength

Preparing activity:
Navy - SH

(Project GDRO-N179)
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APPENDIX A

TEST PROCEDURE TO DETERMINE COUPLED POWER RATIO
FOR MULTIMODE OPTICAL F1BERS

10. SCOPE

10.1 Scope. The intent of this procedure is to measure the logarithmic ratic of the total
optlical power coupled Into & Class la graded-index multimode optical fiber to the affective optical
powar couplad into the low order podes of tha fiber by a flber optic source or transmitter.

20. APPLICABLE DOCUMENTS

30. TEST EQUIPMENT

. 38.1 1 _pow er f{calibration_traceabl o NIST Standerd). An optical power mater
shall be used which has a resoiution of at least 8.1 dBm, and which has been calibrated for the
wavelength range and dynemic range of operation for the equipment to be tested.

306.2 Jloput signal source. An input signal source which modulates the optical transaitter
with a modulation signal siniler to that expected in the system application.

30.3 Class la_[umper cable. A jumper cable constructed with Class la graded-index multimode
optical fiber with near nominal core size and NA equipped with appropriate connectors. The jumper
should be sufficientiy ifong that aii faunched ciadding mode power is compietely sttenueted before the
output connpttor.

3G.4 esa _1Va (13€6 n la modae} jumper cable. A jumper cable constructed with Class IVa
dispersion unshifted single mode fiber with near nominal mode figld diameter equipped with appropriate
connectors. The jumper should be sufficlently long that all leunched c¢ledding mode power is
comp letely attenuated befora the output connector.

3.5 850 pm s oda _jum cabla. A jumper cable constructed with a mode field diameter
of approximately 5.6 + 8.5 ym (to promote the attenuation of the second order mode at 850 nm) equipped
with appropriate connectors.

40. TEST SAMPLE

The test sapple shall be a flber optic source or transmitter operating under normal operating -
coenditions.

56. TEST PROCEDURE

50.1 Setup.

a. Apply the appropriate.input modulation signal to the optical source or
trensmitter under test. Allow sufficient time (15 minutes unless otherwise
spacified) for the source or transmitter under test to reach a steady’state
temporature and performance conditlon.

b. Turn on the optical power meter and allow the manufacturer's recoasmendad warm-
up and settling time before sterting any measurements. .

c. Clean the optical connectors of the multimode test jumper cable, the single

mode test jumper cable, end thae optical source or transmitter under test,

58.2 HNeasurement.

a. Connect one end of the multimode test jumper cable to the optical source or
trensmitter under test and the other end to the input connector of tha opticel
power meter. .

b. Observe the optical power reading. 1f the optical power meter reading
fluctuates more than 6.4 dB (paak-to-peask), the reading should be disregarded
(either the optical source or trensaitter under test is not sufficiently
stabilized or the optical power leve! is too low for the optical power meter).
when the meter reading Is sufficlently stable, record the value (in dBm),

c. Disconnect the multimode test jumper cable from the optical power meter.
Select the appropriate single-mode jumper cable with respect to the optical

S1
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source output wavalength, Connect one end of the single mode test jumper
cable to the output end of the multimods test jumper cable and and the other
end of the single mode tast jumper ¢eble to the input connector of the optical
power meter.

Obsarve the opticanl power reading. |f the optical power meter reading
fluctuates more than 6.4 dB (peak-to-pesk), the reading should be disregarded
(either the optical source or transmitter under teast Is not sufficiently
stabillzad or the optical power level is too low for the optical power meter).
Whaen the meter reading is sufficiently stable, record the value (in dBm).
Disconnect the single mode and multimode test jumper cables and c¢lean the
jumper cable connectors.

Repeat steps 50.2a through 58.2e until five stable readings for both powar
measurements are obtained.

60. CALCULATIONS

For each repatition in 56.2, calculate the logarithmic ratio ¢f the opt
powsr couplad Inte the multimods optical fibar to the optical power co

into the single mode optical fiber
Ry ® Pu - P
where P, is the optical power coupled into the single mode fiber and P, is the

optical power coupled Inte the multimode cptical fiber.
Calculate the average of the values obtained in 68a.
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HULTIMODE DESIGN EXAMPLES

180. SCOPE
10.1 Scope. This appendix contains examples Tor calculeting bandwidth, |oss budgets, end
ether factors necassary to design multimode fiber optic systems. This eppendix is not e mandatory

part of this standard. Thae component specifications end network topologies presanted herein were
devaloped for Instructional purposes only and ere not representative of any particular Installation.

20. APPLICABLE DOCUMENTS

This section doas not apply to this appendix,

36. EXAHPLES
36.1 Genaral. These exaomples ara intended to provide guidance to the design engineer on the

application of the formulae used to evaluate the viability of two hypothetical fiber optic topolegies.
As will be seen when comparing the examples, the eguations used and their application vary in
accordance with the topology design, system specifications and evailable data. The equations,
paregraphs and tables referenced in the examplas can be found in Section 5 of this standard.

E
1 15m I
[ 15

TCU oe——3¢ed TCU joe—3ed TCU

TCU Joe——se] TCU foe—3¢{ TCU
¥ X

B
3
3
@ |5
3
3

Al A2
Ax SYSTEMATERMINAL 3¢ SPUCE ()  CONNECTOR
Bx SYSTEM B TERMINAL TCU TRUNK COUPLING UNIT )
FIGURE 26. 6_SAl am .
306.2 Example 1. Exacple 1 demonstrates the selection eand appiication of equations used to

evaluate the survivable adaptable fiber optic ambedded natwork (SAFENET) topology shown on figure 20
and described in 30.2.1. The topology and component specifications have been provided by a systen
designh tesm as a propesed tactical shipboard notwork., Is the proposed systen viabie under worst case
conditions?
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30.2.1 System specifications,

a.

e.
eble to communicate when alternate system tornlnala ara bypassed.

Fiber Specifications:

Attenuation:

Tranaient Loss:
Modal Bandwidth:
Disparsion Slope
at Zaro Dispersion
Wavelength:

Fibar Zero
Dispersion

Wave length:

Mt

Transmitter spocifications:

Source Type:

Center
Wavelength:

Spectral Width:
Optical Output
Power:

Ratad Rise Time:

Roceiver spacifications:

Datactor Type:

[Py A T I P
2enIILIviLy.

Rated Rise Time:
SAFENET specifications:
TCU Losa:

Splice Loss:

Connector Loss:

Bit R

Coding Format:

HIL-STD-20852A(SH)
APPENDIX B

multimoda, graded index

n BEldac oo
£.37 169 D

2.0 dB/ko max @ 1360 na % 26 na, restricted launch (RES)
4.5 dB/km wax @ 856 nm % 20 nm, (RES)

0.5 dB max for lengths greater than 0.5 km

400 MHz'km min @ 1308 nm
260 MHz'km min @ 850 nm

1 x 10°" s/no’km

1340 nm

0.08 di/km € 1270 no

Surfece Emitting LED (SLED)

4306 no £ 30 nm
130 nm FWHM
-18 dBa min @ 1386 na into 62 5/125 un fiber over the rated
Iifetime

2 ns max

Positive-Intrinsic-Negative (PIN) Diode

A AP i Mo = cn—nh mmme A obhaombead Pmeciih aflmme ]l s
-90 UDH WIN TOUT & WOrsL LuBE UIBLOTNWEU ITpUL BIYRAal aiiv u
BER of 16'* over the rated 1i

2 ns, max

8.8 dB max, (OFL). through any path
0.6 dB max, (OFL)
1.0 dB max, (OFL)

System integrity: Alt terminals of an individual system (System A or System B) must ba
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36.2.2 Design evaluation. The design evaiuation iiiustrated in this axampie assumes & worat
case scenarioe, aging included in the trensmitter/receiver spocifications, -end uses the additional 3 dB
safety margin in lieu of calcuiating the environmental margin.

30.2.2.1 Bandwidth and rise time calculationa. The path from B1 to B2 is the longest (605
moters going counter-clockwise) and the shortest (88 meters going clockwise). This link, being the
most ¢ritical link of the topoiogy, wiiit be analyzad for distortion and attenuation lipitations.
Starting with Equation (7), end realizing that the link minimum performance will occur when the .
tranamitter is operating at the lower limit of its wavelength renge, the source center wavelength is

A, = (1300-30})-7 = 1263 nm

From Equation (B}, the R#HS spectrai width is
130

oh=m=54.2m

From Equations (5) end (6), the fiber dispersion and the dispersion slope at the fiber optic
transmitter centesr wavelength ere

1x10'n 1340 4 -12
D= -, —_— = =8, 10 -
: 1 1253b.( 1263] l 8.4 x s/ (m-km)

1x10°3(, _( 1340)¢ 13 2
s = 143 =1.2 s -
T | * ( 1263) ] x10 / {nm*-Xm})

The minimum bandwidth will oceur In the longest link in the topoleogy. |[f the bandwidth is sufficient
for the longest link, then it cen be assumed that it will be sufficient for all| other links. For thia
exanple, the cable length (L,) equals 685 weters. The rise tiwas associaetad with the firat end second
order chromatic diaspersion for the longest path length are given by Equations (3) snd {4) to be

toq = (2.6)(55.2) (-8.4x107%%) (0.605) = -720 x 10™%g

- -12
£,y = 1.4(0.12+2‘ aigﬁo )| (55.2)7(.605) = 270 x 102 s

From Equation {(2), the estimated cable modal bandwidth is

6
BW 400x10

o= 2POXIU 510 x 105 Hz
=6} 10.605)°% .

From Equation {12), by exciuding the recaiver contribution, the fiber/cable exit bandwidth is

1/2
- | 2x202}?, [ -720x2032)°, [ 270x1022}7, 1 ’
ext=3) .29 0.34 0.25 0.52(510x10°%)

= 120x10° Hz

Also from Equation (12). the total optical link -3dB bandwidth is calculated to be
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s o 2x202)*, [ -720x202)7 [ 270x10:2)7, 1 2 { ax10-)2*"
i SRR 0.34 0.25 0.52(510x10°) 0.36

= 100x10% Hz

The minimum acceptable total optical link -3 dB bandwidth, according to Equation (13), oust be equel
to or greater than 78 parcent of the optical baud. SAFENET utillizes a 4B/SB coding format and a 166

Hbps electrical Ilne bit rate. From teble VI, the bit rate to baud conversion factor, E, is 5/4.  The
optical line baud is thus

baud = 5/4(100x105) = 125x10% baud

After substituting in the value of the link baud, Equation (13) becomes

BWy 5, 2 0.7(125x10°%) 2 87.5x10° Hz

This condition is satisfiad.

30.2.2.2 Loss budgat calgujation. The loss budget equation must be satisfiaed for both the
longest and shortest path lengths. Thia will varify that the optical power incident on the detetctor

will be in the proper range for correct demodulation at the receiver. Since a werst case analysis s
dogsirad, Equation (16) mey be simplified by eliminating the {ast term of the equation (that is -X[o +
1%}. Also, this is 8 tactical link and it has been decided that an environmental margin () should

not be celculated, so a & dB safety margin (M) shall be used in the loss budget equation. There are
not adjustments to the link loss budget since the raceiver senaitivity is defined in terms of a worst
case distorted aignai and no iink upgrades are pianned. The trensient cebie iocas, T, provided by the
cable manufacturer for this type of cable is 6.5 dB maximum. Jumper cebles are internal to the
transmitter and recelver and are consldered to be negligible (lg. Yx. cx = 6). From Information
provided by tha cable menufacturer, p, (et 1270 nm) was determined to be 0.06 dB/km. Starting with the
longest cabla path of 605 meters, the path includes two connactors, 12 spllcea. end six TCUs. The

loss budget equation, from Equation (16), is

0 < -18 -(-36) -6 -0.5 - ((0.605) (2+0.06)] -2(1) -12(0.6) -6(0.8)
= -3.7 dB

38.2.3 Qong]gsiggs. The right hend sido of the above equation is equal to -3.7 dB, end thus
the conditions represented in the ioss budget equation are not satisfied. Therefore, the proposed

topology presented for analysis I8 not a viable solutlon undaer worst ¢ese conditions and the analysis
is completad.

30.3 Example 2. Example 2 demonstrates the selaction and application of the equations used
to evaluate the SAFENET topoiogy shown on figure 21 and described in 38.3.1. The topology and
companent apecifications have been provided by a systec design team as a proposed tactical shipboard
network. Is the proposed system viable at a 87 percent contidence fevei?

36.3.1 c ns.

a. Fiber specitications:

Type: sultimode, graded index

Size: ’ 62.5/125 pm

Attenuation: . 1.3 dB/ko avg (RES): 0.2 dB/km std deviation @ 1360 no + 20
na

4.5 dB/knm max (RES) € 850 nm + 20 nm
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QO comnectoR X SPUCE E TERMINAL TCU TRUNK COUPLING UNIT
FIGURE 21. | do SAFEN opolo or exampl .

Trensient Loss: 0.5 d8 @ 6.3 km, 8.75 dB @ 0.4 ko, and 1.6 dB for lengths
greater than 0.5 km .

Hodal Bandwidth: 468 MHz'kz min @ 1360 no
208 MHz'km min € 856 nm

Dispersion Slope
at Zero Dispersion

Wave langth: 8.1 ps/nztke

Flber Zero

Dispersion .
Wave length: 1346 no

[TR 0.06 dB/km & 1270 no

Transmitter speclifications:

Source Type: Edge Emitting LED (ELED)

Center

Wavelangth: 1380 no + 20 nm

Spectral Width: 96 na FWHM

Optical Qutput

Power: -10 dBm avg; -12 dBa min; and 1 dBam std deviation €@ 1380 nm
into 62.5/425 pa fiber.

Rated Rise Time: 1 ns moax
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¢. Receiver Specifications:
Detactor Type: Posltive-Intrinsic-Negativa (PIN) Diode
Sensitivity: -38 dBm avyg: -36 dBm wmin; and 1 dBm std deviation for a

best case input signal and a BER of 10°*

Maximum Input
‘Powar: -11 dBm

Rated Rise Time: 2 ns, max
d. SAFENET specifications:
TCU {Bypasa Switch)

Loss: 6.4 dB avg (RES): €.8 dB avg (OFL): 0.8 dB max (OFL):
6.1 dB std deviation, through eny path
TCU Environmental -
Derating Factor: 0.35 dB avg, 0.12 dB std daviation
Splice Loss: ' 8.2 dBb avg (RES):; 6.3 dB avg (OFL); 6.6 dB max (OFL):
8.1 dB std doviation
Splica Envlronuent;l
Darating Factor: 0.16 dB avg; 0.8 dB std deviation
Connector Loss: 0.6 dB avg (OFL); 0.4 dB avg {RES):; 1.8 dB MAX (OFL);

8.1 dB std deviation

Connector Environmental
Derating Factor: 6.25 df avg, 0.06 dB std deviation

e. System Iintegrity: Each network tersinal oust be able to bypass at least three (3)
adjacent, consecutive out-of-service teraminais.

38.3.2 pDesign evaluation. The design evaluation illustrated in this example uses statistical
methods, including a calculation for environmental margin. '

38.3.2.1 Bandw ae 8 ¢ ations. The longest path length for this analysis is
350 moters (betwsen T2 and T8, and between Ti1 and T3). Therefore, this will be the link chosen for

enalysis. Starting with Equation (7) and using the transmitter's minimum wavelength, the source
centor wavelength is -

A== (1300-20)-7 = 1273 nm
From Equation {8), the RMS spectrai width is

= 30
OA—?:-E—37.5nm .

From Equatlions (5) end (8). the fiber dispersion end tho dispersion sliope at the fiber optic
transmitter canter wavelength are

1x10™2 I [ 1340]4 . a2 _
D= — 127311 - 1573 = -7.2x10 s/ (nm-Jkm)
L LY f J
ixig™3 134014 -13 2
= =1.2x10 -km
s 1 \1+3( 1273) l X s/ (nm )
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PR IR TN TS B N T, il =

The systems winloum bandwldth will oecur in the th the lonhgest .
axample, L. equals 350 meters. The rise times mssociated with tha first end second orde

dispersion are given by Equations (3) and (4) to be

[P H
[ RN 1

%

£y = (2.6)(37.5) (-7.2x1077) (0.35) = -250x10 &
- a3, 2(-7.2x107%) 2 -12
s = 1-4] 3. 22072, 207220 (37.5)2(.35) = 76x107? 5

From Equation (2), the astimated cable modal bandwidth is

13
= M = £§70x10¢ Hz

BW
=060 T(0.35)0-%

From Equation (12), by exéluding the receiver contribution, the fiber/cable exit bandwidth is

2
B _ [ 2xz02)?, [ -254x202)? { 76x2071217, 1 art
et loo.29 0.34 0.25 0.52(670x10%)

. L

= 220x10°% Hz

Also from Equation (12), the total optical link -3dB bandwidth is calculated to be

BW, = ﬂa_.s ’+ -250x10°12 2+ 76x10°12 2+ 1 2+ 2x10"]2 172
T-} 0.29 0.34 0.25 0.521670x10% TR |

=140x20°% Hz

To satisfy the conditions of Equation (13), the total optical link -3dB bandwidth must be equai to or
greater than 70 percent of the optlical baud. SAFENET utilizes a 4B/5B coding format and a 1960 Mbps
elactrical |ine bit rate. With E equal to 5/4 from table VI, the optical line baud is thus

baud = 5/4({100x10°) = 125x10° baud

After substituting in for the link baud, Egquation (13) becomes
BW,,_4,20.7(125x10%) >88x10° Hz

This condition is eatisfied.

38.3.2.2 Loss budget calculation. This is a tactical link and it has been decidad to
calculate the environmental margin, so only a 3 dB safety margin (M) shell be used in the loss budget
oquation. Tha path from T2 to T8 includes two connactors, 10 spllcea, five TCUs, and slix c¢ables.
Jumper cables are internal to the transmitter and receiver and are considered to be negligible (l,..
Ux. 0x = 0). The mean and stendard deviation of the environmental margin (|4 and o) as calculated
from Equation (18) are

By = 0.35(1.35)+ 2(0.25)+ 10{0.16)+ 5(0.35} = 4.32 dB
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adjustments, A, are comprised of the 6.59 dB dispersion power penalty calculeted from Equation (20) es
follows

125x10°%

P, = 0.74| 22—
140x10°

= 0.59 dB

Bacause tho specifications for transmitter output power and the receiver sensitivity are not given
over the {ifetime of the device, these values must be derated according to table XII. The coupled
power ratio for the optlcal source is not known so a value of K = 0.6 was chesen based on the
discussion in 5.5.4 (a typical ELED sourcae K valua). The transient loss, T, should not be ‘included in
the calculation based on table XII. From information provided by the cable wanufacturer, y, (at 1278
nm} was determined to be ©.06 dB/km. Thae less of the components ie calculated using equation (15}

.= 6.2 +90.8(8.3-0.2) = 8.26 P = 0.4 + 0.6(0.6-0.4)= 0.52
Uw = 0.4 + 0.6(6.6-8.4) = 0.52

The less budget equation, Equatioen (18), is
0< ;(10—1.5) -{-38+1)-3 -0.59 -4.32 -(0.35}(1.3+0.06)-2(0.52}-10(0.26}

- 5(0.52)- 2[1%2+12+0.372+0.35%(0.2)%+(2) (0.1}3+10({0.1)2+5(0.1)%)1/?

0<9.35dB

The right hand side of the above equaticn is equal to 8.35 dB, and thus the conditions represented in
the loss budget equation are satisfied. This part of the analysis showa that a transmitter is able to
bypass three TCU's over the longest possible path length and deliver sufficlent power to the receiver.
Now, the shortest path length must be analyzed to ensuroe that the transamitter Is not saturating the
recelver. The shortest path length is 30 meters and will occur when the TCUs serving terminals T7,
T8, T, or Ti8 are in loopback mode (that is, 15 meters from the terminal to the TCU, ilocp back
through the TCU, and back to the terminal). In this condition, the path would include two connectors
(two different terminl pair in the multiterminus connector), two splices (of a multifiber cable

splice}, and cne TCU {in loop back moda). From Equation {(18), the maxioum power availeble at the
receliver would be

P = =10 - 0.03(1.3) - 2(0.52) -~ 2(0.26) -1(0.52)

Rmax
+20(1.0)% + 0.03%(0.2)2 + 2(0.1)% + (0.1)*)"2
= ~11.10 dB

38.3.3 Conclusigna. Since the maximum receiver input powser is -11 dBm, the link can operate
in loop back mode without saturating the recelver. Therefore the proposed systenm ls a viable network
solution at a 97 percent confidence level. :
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SINGLE HODE DES1GN EXAHPLE
18. SCOPE

16.1 Scope. This appendix contains examples for calculating bandwidth, loss budgets, and
other factors nocessary to design single mode fiber optic syatems. This eppendix is not a mandatory
pert of this stendsrd. The component specifications end network topology presented herein were
devaloped for instructional purposes only and ere not representative of any particular installation.

26. APPLICABLE DOCUMENTS
This section does not apply to this eppendix.
30. EXAMPLE

38.1 General. This exesmple is intended to provide guidance to the design engineer on the
appiication of the formulae used to evaluate the visbility of @ hypethetical fiber optic topology.
The equations, paragrapha and tebles referenced in this example can ba found in Section 5 of this
standard,

30.2 Example. The example herein demonatrates the selection and application of equations
used to evaluate the SAFENET topology shown in figure 22 end described in 38.2.1. The topology and
component specifications have been provided by a system design team as a propesed tactical shipboard
network. 18 the proposed system viable under worst case conditions?

315 m
50 ¢ c 25
T B— 0 o QT
—’ N N - 5
c c
50m E E 25m
sz ¥ N N Ts
T T
-150 R A 50
m m
T A 4 T
3 T T 7
o o
75m A ] 7sm
T, 2 g T,
L 2 S

—*"'

225 m
Tx SYSTEM TERMINAL X SPUCE @& connecTOR
FIGURE 22. N opo
30.2.1 m s ons.
a. Flber apaciflcations:
Type: s}ngle mode
Size: 8.3/125 po
61
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Attenuation:

Dispersion Slopea
at Zero Dispersion
Hava]angth:

Fiber Zero
Dispersion
Wavalength:

Transmitter specificaticns:

Source Type:

Center
Wavelangth:

Spectral Width:
Optical Output

Powar:

Rated Rise Time:

Receiver specifications:

Datector Type:
Sensitivity:

Haximum Input

Powar :

Rated Rise Time:
SAFENET specifications:

MIL-STD-2052A (SH)
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1.0 dB/kn max € 1366 nm * 20 no
0.1 ps/nm*kn
1311 nn

Semiconductor laser diode (LD)

1380 nn £ 10 nm

1.25 na RMS

-3 dBm @in @ 1366 no into 8.3/125 pm fiber over the rated
lifoetime

8.5 ns max

Poslitive-1ntrinsic-Negative (PIN) Dioda

-36 dBo min for a best case input signal and a BER of 10
over the-rated |ifetime

-12 dBm

2 ns max

Concantrators: Ses transmitter end receiver sbove
Splice Loss: 0.6 dB max
Connector Losa: 1.8 dB max
36.2.2 pesign evajuation. The design evaluation illuatrated in this example assumes a worst

cese scenario, aging included in the transmitter/receiver gspecifications, and calculates the
environmental margin et a 99 percent confidence level.

36.2.2.1 PBandwidth end rise time caleuiations. Since transmitters and receivers are located
in the system terminals and the concentrators, the maximum cable length in this topology is 315
meters. The shortest path is 25 meters betwean concentrator 2 and T5, Té and T7. Starting with
Equation (7) and the mininum transmitter wavelength the source center wavelength for a laser source is

A, = 1300-10 = 1290 nm

From Equations (5) end (8). the fiber dlaperélon and the dispersion slope at the fiber optic
transmitter center wavelength are

1x10713 131114 - .
= eee———— =l — = -2. 12' P
D ) 1290[1 ( 1290) ] 15x10 s/ (nm-im)
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1x107% 13113}* -13 2
= Al o (] +3] —— = R -km
) 2 l + ( 1290] ] 1.05x10 s/ (nm )

The system's minfuum bandwidth will occur in the link with the longest length of cable. For this
oxanple, L, equals 315 metera. The rise times associated with the first and second order chromatic
dispersion for this link are glven by Equations (3) end (4) to be

Em = (2.6)(1.25)(-2.15x1071?)(0.315) = -2.2x10 2 ¢

2(-2.15x107%%)
1290

Eos = 1.4[1.05x10'13+ } (1.25)%(0.315) = 7.0x107™" s

Note that Equation (2) for ceble modal bandwidth does not apply for single mode systems. Fron
Equation (12), by excluding the receiver and the fiber modal distortion terms, tha fiber/cabfe exit
bandwidth is : ‘

BW

0.5x20\? [ -2.2x10°2\* { 7.0x202¢\?["" s
ext-3) = - + - +| = = 580x10°% Hz

0.29 0.34 0.25

Also from Equation (1}). the total optical !ink -3dB bandwidth is celculated to be

0.5x10°)% [ -2.2x107%)? 7.0x10|? [ 2x107)? o
= : + : + : + = 172x10°% Hz

BWT( =1

0.29 0.34 0.25 0.36

To satisfy the conditiona of Equation (13), the totel optical link -3dB bandwidth must be equal to or
greater than 70 percent of the optical baud. SAFENET utilizes a 4B/58 coding format end a 100 Mbps
olectrical tine bit rate. With E equal to 5/4 from table Vi, the optical line beud is thus

baud= 5/4(100x10°%) = 125x210°% baud

After substituting in for the baud, Equation (13) becomes

BW,,_5,20.7 (125x105)288x10° Hz

This condition is gatisfied.

30.2.2.2 a8 budge cul on. This is m tactical link and it has been decided to
calcuiate the environmental margin, so onily & 3 dB safaty margin (M) shall be used in the logss budget
equation. This path includes two spllces and one cable. Jumper cables are internal to the
trensoitter and receiver and sre considered to be nagligible (ix. Jg, @nd A, = 6). The mean and
standard deviatlon of the environmental emargin (i and ),) as calculated from Equations (18) are

By = 0.315(1.35) + 2(0.16) + 2(.25) = 1.25 dB
0,=[0.315%(0.45

Ad]Justments, A, include a 0.39 dB dispersion power penalty end €.60 dB mode partition noise penalty
calculated from Equations (28) and (21) as follows
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(]
PD= 0,74% = 0.39 dB

172x10°¢

[
b = 0.5 125x10

= 0.001 dB
il 580x10°¢

A gingle mode optical cable does not have a transient losa. From information provided by the cable
manufacturer, y, was determined to be 9.03 dB/km @ 1290 nm. The loss budget equation, Equation (17),
is

0<-3-(-36)-3-0-0.39-1.25-(0.315)(1+0.06)-2(0.6)-2{1.0)-3{(.20)%1*

0 < 24.23 dB

The right hand slde of the sbove equation is equal to 24.23 dB and the conditions represented in the
loas budget equation are satiafied. Now, the shortest path length wust ba analyzed to ensure that the
trensmitter is not saturating the receiver. The shortest path length is 25 meters between
concantrator 2 end T5, T8 or T7. Thia path includes one connactor and one splice. From Equation
{18). the mexioum power avaolieble at the receiver would be

P ="3-0.025¢(1.0) - 1(2.0) - 1(0.6) = -4.6 dB

Since the maximum receiver input power is -12 dBm, the link transmitters wi!l saturate the receivers
end the link will not operate properiy.

36.2.3 Conclusions. Because of the relatively high output powar of the laser sources and the
relatively low maxioum input power of the recelvers, attenuators may need to be placed in all of the
short concentrator-to-tersinal links., Further analysis on these shorter links ls necessary to
determine which will need attenuators and how much attenuation is required.
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